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Fige  149,  !ine  16  from  top ;  for  "  Wolf"  rtnd  Wolff 
"     150,    "    14    "       "   ; /or  "  Wlof"  rwd  Wolff 
"     151,     "    18    "      bottom ;  f^  "  Wolf"  rend  Wolff 
"     162,    "    10    "     top;  /or  "  limestone "rmii  limestones 
"     319,    "    14    "      bottom ;  injfrri  not  between  "  mnst "  and  "  pass  " 
"     327,    "    11     "      top;  far  "lying'' r«Mf  lies 

**     342,    "     5    "      bottom ;  omil  "and  acros  the  Douglas  County  &n1t  line  " 
"     362,  lines  11  and  12  from  top ;  for  "  plate  31,  fignres  1  and  2,'*  read  plate  31, 
figure  1  and  plate  32,  figure  1 
Fiage  302,  line  14  from  bottom ;  far  "  plate  31.  figare  2,"  mid  plate  32,  fignre  1 
**     376, /or  description  of  plate  31,  figare  2,  read  that  of  plate  32,  figare  1,  and 
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Session  of  Tuesday,  June  26 

The  Society  was  called  to  order  at  11.45  o'clock  a  m,  in  room  401, 
Schermerhorn  Hall,  Columbia  University.  The  President,  Dr  George  M. 
Dawson,  occupied  the  chair  throughout  the  meeting. 

ELECTION  OF  FELLOWS 

The  Secretary  announced  that  the  three  candidates  for  fellowship  had 
received  a  nearly  unanimous  vote  of  the  ballots  transmitted,  and  that 
they  were  elected,  as  follows : 

FelUnos  Elected 

Lbonidas  Chalhbbs  Glbnn,  Ph.  D.,  Columbia,  South  Carolina.      Professor  of 
Geology,  South  Carolina  College. 

Thomas  Lkonard  Watson,  Ph.  D.,  Atlanta,  Georgia.    Assistant  State  Geologist, 
Geoiigia  State  Geological  Survey. 

Stuart  Wbllkb,  B   S.,  Walker  Museum,  University  of  Chicago.    Instructor  in 
University  of  Chicago. 

I— Bull.  Gbol.  Soo.  Am.,  Vol.  12,  1900  (1) 
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.Tlfe  l^ndlihceinent  was  also  made  by  the  Secretary  that  the  next 
/]^;iAterlneeting  would  probably  be  held  at  Albany,  New  York. 

The  reading  of  papers  was  declared  in  order.  The  first  paper  of  the 
program  was 

oBOLoar  OP  the  silver  peak  range,  Nevada 

BT  H.   W.  TURNKB 

In  absence  of  the  author  the  next  paper  was  read  by  J.  F.  Kemp : 

native  copper  near  ENID,  OKLAHOMA 
BY  BRA8MU8   HA  WORTH    AND  JOHN  BSNNKTT 

ConteTds 

Page 

DiBcorery  and  location  of  the  copper .*. 2 

Seciion  of  well  in  which  diHCorery  was  made 2 

Natare  of  the  copper  deposit -  3 

Origin  of  the  copper * «. x 3 

Natare  of  the  Red  beds 3 

Chemical  reactions ^ -  4 

Original  source  of  the  cop]>er 4 

D180OVKRY  AND  Location  of  thb  Copper 

About  two  years  ago  an  unknown  person  sent  to  the  University  of  Kansas  for 
identification  a  sample  of  mateiaal  which  proved  to  \)e  anusnally  interestinj;.  It 
consisted  mainly  of  a  piece  of  the  well  known  Red  Beds  clay  shale  so  common  in 
southern  Kansas  and  northern  Oklahoma,  but  in  small  crevices  or  fissures  within 
the  mass  were  numerous  thin  sheets  of  metallic  copper,  from  a  half  inch  to  two 
inches  in  width,  so  thin  that  they  could  be  rolled  between  thumb  and  finger  almost 
as  readily  as  tinfoil. 

For  two  years  persistent  eflTorts  were  made  to  learn  the  location  of  this  find  and 
information  regarding  it.  Last  autumn  these  efforts  were  successful.  The  location 
is  about  18  miles  northwest  from  Enid,  on  the  form  of  Mr  O.  P.  Barnes,  near  the 
northwest  part  of  Garfield  county,  Oklahoma. 

Oklalioma  was  opened  for  homestead ing  as  agricultural  lands,  and  Mr  Barnes 
and  neighbors  feared  that  the  finding  of  this  native  copper  would  cause  the  land 
to  be  classed  as  mining  land  and  thereby  interfere  with  their  homesteads,  and 
hence  the  difliculty  in  learning  details  concerning  the  discovery. 

The  farm  of  Mr  Barnes  occupies  a  portion  of  the  watershed  between  the  Cimarron 
river  on  the  south  and  a  tributary  of  the  Arkansas  on  the  north.  It  is  well  within 
the  Red  Beds  area,  but  just  where  on  the  vertical  scale  is  not  yet  determined. 

Sbction  of  Well  in  which  Discovert  was  Made 
The  copper  was  found  in  a  six-inch  stratum  at  the  bottom  of  the  well  32  feet 
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deep,  dug  to  obtain  water  for  domestic  use.     A  section  of  the  well,  as  obtained  by 
Bennett,  is  as  follows,  numbering  from  the  top : 

1.  Tea  feet  of  alluvial  material. 

2.  Five  feet  of  dark  red  clay  shale. 

3.  Six  inches  of  light  colored  clay  shale. 

4.  Two  feet  of  light  red  clay  shale. 

5.  Three  feet  six  inches  of  mottled  dark  red  and  light  clay  shale. 

6.  One  foot  ten  inches  of  red  clay  shale. 

7.  One  foot  three  inches  of  light  clay  shale. 

8.  One  foot  six  inches  of  dark  red  clay  shale. 

9.  Five  feet  three  inches  of  mottled  red  and  light  clay  shale  with  red  greatly  predominating, 
lu.  Six  inches  of  mottled  red  and  light  clay  shale,  the  copper-bearer. 

IL  A  hole  was  dug  in  the  bottom  of  the  well  about  two  feet  deeper  into  the  red  clay  shale,  but 
no  more  copper  was  found. 

Nature  of  the  Copper  Deposit 

The  six-inch  copper-bearing  horizon  is  not  materially  different  from  that  above 
and  below  excepting  that  the  little  fissures  within  it  are  filled  with  the  metallic 
cop(>er.  From  the  small  exposure  in  the  well  it  seems  that  near  the  middle  of  the 
layer  the  copper  films  approach  a  horizontal  position,  hut  both  above  and  l)elOw 
they  are  inclined  at  almost  every  angle,  showing  a  total  lack  of  regularity.  From 
an  examination  of  the  surrounding  country  it  was  learned  that  the  bedding  planes 
of  the  clay  shales  are  practically  horizontal.  Wherever  good  exposures  were  found 
many  small  fracture  seams  were  noticed,  as  is  so  common  in  the  Red  beds  else- 
where—seams likely  produced  by  the  contraction  of  the  sediments  upon  drying. 
The  copper  films  occupy  these  fissures,  and  therefore  have  been  deposited  since 
the  fissures  were  formed. 

It  is  reported  that  copper  was  also  found  in  a  well  about  a  mile  distant  from 
the  one  described,  but  this  was  not  examined.  Careful  search  along  neighboring 
canyon  walls  faileil  to  reveal  any  copper ;  but  the  search  was  not  sufficiently  ex- 
tended to  have  an  important  bearing  on  the  question  of  extent  of  the  deposit. 
Further  developments  will  be  awaited  with  interest. 

Origin  of  the  Copper 

«  • 

NATURE  OF  THE  RED  BEDS 

It  is  interesting  to  inquire  into  the  methods  by  which  this  native  copper  may 
have  originated.  With  our  limited  knowledge  of  the  environments,  it  must  be 
admitted  that  any  theorizing  on  the  subject  may  lead  to  error.  It  is  generally  ad- 
mitted that  the  Red  beds  are  a  mass  of  clay  shales,  sometimes  quite  arenaceous, 
accumulated  beneath  ocean  water  so  strongly  concentrated  that  no  life  could  exist 
within  it,  and  that  theref  »re  they  are  highly  colored  with  red  iron  oxide. 

The  copper-bearing  stratum  shows  no  sign  of  having  been  re'iuced  by  surface 
agencies.  Under  such  circumstances  it  would  seem  that  organic  matter  could  have 
had  no  part  in  the  reduction  of  the  copper.  If  the  copper  were  held  in  solution  as 
a  sulphate  it  may  have  been  associated  with  ferrous  sulphate  and  a  trace  of  free 
sulphuric  acid,  products  generally  formed  by  the  weathering  of  copper  and  iron 
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Bulpliidea.    The  shales  contain  large  quantities  of  iron  oxides  and  perhaps  small 
quantities  of  calcium  carbonate,  although  not  in  the  form  of  limestone. 

CBSMICAL  REACTIONS 

We  can  write  out  chemical  equations  showing  how  metallic  copper  might  have 
been  formed  from  such  associations,  thus : 

I.  3CuS(>  +  FejOg  =  3CuO  +  Fe,(S04)o. 

II.  aCuaSO  +  FegOg  —  3Cii,0  +  Feg(S04),. 

III.  CUSO4  +  CaCoa  =  CuO  4-  CaS04  +  COj. 

The  copper  oxides  produced  by  one  or  more  of  the  above  equations  could  readily 
be  reduced  to  metallic  copper  by  the  action  of  ferrous  sulphate  in  the  presence  of 
traces  of  free  sulphuric  acid,  thus : 

IV.  Giro  +  2FeS04  +  HSSO4  =  Cu  +  FejCSO*),  +  H,0. 
V.  CujO  +  2FeS0  +  HtS04  =  2Cu  +  Fe,(S04)8  -f  H,0 

OBiaiNAL  80UBCE  OF  TBB  COPPER 

The  orifj^inal  source  of  the  copper  is  difficult  to  determine.  The  nearest  known 
copper  beds  are  to  the  south  more  than  a  hundred  miles.  If  the  source  were  the 
Red  beds  themselves,  then  the  copper  must  have  been  gathered  from  the  imme- 
diate surface,  or  possibly  from  material  already  removed  by  erosion,  for  it  could 
not  have  been  leached  from  the  surrounding  shales  without  the  leaching  process 
having  made  a  greater  change  than  has  occurred.  At  present  the  surface  waters, 
of  course,  are  charged  with  organic  matter,  the  same  as  other  surface  waters  where 
v^etation  is  abundant,  but  the  iron  oxide  of  tlie  shales  oxidize  such  matter  while 
yet  near  the  surface,  as  is  shown  by  the  red  color  for  20  feet  above  the  copper  bed. 

Remarks  upon  the  subject  of  the  paper  were  made  by  W.  H.  Hobbs, 
J.  F.  Kemp,  and  the  President. 

The  third  paper  was  read  by  title : 

ANDESITIC  ROCKS  NEAR  SILVBRTON,  COLORADO 
BY  FRANK   R.  VAN   HORN 

Contents 

Page 

Introduction 4 

Megascopic  description  of  the  rock 5 

Microscopic  observntion? & 

Chemical  composition 7 

Conclusion ; S 

Introduction 

In  the  summer  of  1898,  while  spending  a  few  weeks  at  Silverton,  San  Juan 
county,  Colorado,  in  the  study  of  the  mines  and  economic  geology  of  the  region, 
the  rocks  which  are  the  subject  of  this  pai>er  were  collected.  The  fundamental 
rocks  of  the  neighborhood  seem  to  l>e  granites  and  granito-diorites  associated  with 
gneisses  and  schists.  ,Over  these  follow  several  lava  flows,  probably  of  Tertiary 
age,  in  succession,  accompanied  in  some  localities  by  considerable  tuff,  which  has 


ANDE8ITIC   ROCKS   NEAR    SILVERTON,   COLORADO  5 

l>ecoine  coqsolidated  into  breccia-like  maases.  No  attempt  was  made  to  trace  the 
different  flows  from  one  place  to  another,  and  the  specimens  were  simply  taken  at 
random  in  the  different  localities.  However,  in  view  of  the  fact  that  most  of 
them  were  collected  at  altitudes  of  from  12,000  to  14,000  feet,  it  seems  very  prob- 
able that  the  younfrer  flows  were  gathered.  Most  specimens  were  collected  on 
Kio>;  Solomon,  Galena,  and  Boulder  mountains,  which  lie  in  a  northerly  direc- 
tion from  Silverton,  covering  a  triangular  area.  However,  while  there  I  had 
neither  map  nor  instrument  with  me  and  my  points  of  the  compass  may  not  be 
very  accurate. 

The  rocks  of  this  locality,  although  apparently  all  of  the  same  kind,,  differ  con- 
siderably in  appearance  and  texture.  The  specimen  which  was  least  altered,  and 
therefore  most  typical,  was  found  at  the  summit  of  the  southeast  spur  of  Galena 
mountain,  above  the  Big  Ten  claim,  which  at  that  time  was  being  exploited  by 
Mr  A.  M.  Campbell  and  associates.  It  is  this  rock  which  will  serve  as  the  basis 
of  the  description  for  all  the  rocks  of  the  region.  Nevertheless,  various  charac- 
teristics not  found  in  this  specimen  but  observed  on  others  w^ill  be  incorporated 
into  the  description  of  this  rock,  in  order  that  a  general  account  may  be  given 
without  taking  too  much  time  and  space. 

Megascopic  Description  op  the  Rock 

Megascopically  the  rock  in  question  is  of  gray  color,  with  numerous  phenocrysts 
of  plagioclase  feldspar,  hornblende,  and  magnetite  in  an  aphanitic  groundmass. 
The  phenocrysts  are  arranged  in  some  instances  in  roughly  parallel  directions  as 
a  result  of  flowing.  This  rock  effervesces  but  slightly  with  acids,  while  others  do 
so  very  strongly.  The  prevailing  color  of  the  rocks  is  grayish  green,  but  at  times 
a  brownish  to  reddish  gray  was  noted.  Sometimes  the  phenocrysts  are  very 
numerous  and  give  the  rock  almost  a  plutonic  appearance,  while  again  they  are 
nearly  absent,  and  the  mass  has  an  aphanitic  character.  Often  the  plagioclase 
crystals  are  from  3  to  5  millimet«i-s  long  and  2  to  5  millimeters  across.  However, 
in  the  rock  from  Dives  tunnel,  given  in  the  analyses,  the  feldspars  are  at  times  19 
millimeters  long  and  from  6  to  13  millimeters  wide.  When  unaltered  the  cleavage 
feces  have  pearly  luster,  but  they  are  quite  commonly  dull.  The  hornblende  is 
black,  with  smooth  glistening  cleavage  planes,  and  is  not  found  in  very  large 
amounts.  Magnetite  is  plentiful  and  is  generally  titaniferous,  as  is  shown  by  mi- 
croscopic examination. 

Microscopic  Observations 

Microscopically,  the  rocks  are  found  to  be  distinctly  holocrystalline  porphyritic, 
although  at  times  the  groundmass  is  so  intensely  flne  as  to  be  almost  cryptocrys- 
talline. 

Plagioclase  phenocrysts  occur  in  various  forms,  but  are  probably  generally  tab- 
ular parallel  to  the  brachypinacoid  (010),  being  bounded  by  the  prisms  (110)  (iTo), 
brachypinacoid  (010),  base  (001),  and  a  macrodome.  The  crystals  are  generally 
twinned  after  the  Alblte  law,  and  very  frequently  compound  twins  after  Albite 
and  Karlsbad  laws  are  found.  Pericline  twins  occur  more  rarely.  Zonal  structure 
is  frequently  observed,  and  at  times  is  very  common.  When  such  structure  is 
noticed,  the  extinction  angles  of  the  center  are  always  found  to  be  considerably 
greater  than  those  of  the  periphery,  which  indicates  isomorphous  growths  of  the 
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various  plagioclase.  Cleavage  is  good  after  both  (001)  and  (010).  The  rock  given 
under  analysis  I  was  pulverized  by  stamping  and  the  minerals  isolated  by  means 
of  the  Klein  solution.  A  small  portion  of  feldspar  had  the  specific  gravity  2.69-2.684 
at  22  degrees  centigrade.  Extinction  angles  on  P  (001)  were  found  to  range  about 
8-10  degrees,  while  on  untwinned  pieces,  evidently  after  M  (UIO),  values  of  20-23 
degrees  were  found.  Most  of  the  feldspar  has  a  specific  gravity  of  2.684-2.64  at 
22  degrees  centigrade,  in  which  angles  on  P  (001)  were  found  from  0-7  degrees, 
while  a  few  angles  of  12-17  decrees  were  observed  on  particles  evidently  cleaved 
after  M  (010).  The  latter  gave  in  convergent  light  an  axial  figure  intermediate 
between  that  of  oligoclase  and  labradorite.  Another  considerable  portion  ranges 
from  2.64-2.604  at  22  degrees  centigrade,  but  it  was  found  to  consist  mainly  of 
groundmass;  in  fact,  the  portion  from  2.684-2.64  had  considerable  groundmass 
mixed  with  it. 

The  foregoing  observations,  together  with  the  maximum  symmetrical  extinction 
angles  given  in  sections  normal  to  M  (010),  indicate  that  the  phenocrysts  are  mem- 
bers of  the  andesine  and  acid  labradorite  ssries.  The  successive  occurrence  of 
these,  with  even  other  plagioclase  not  mentioned,  is  not  to  be  wondered  at  in 
view  of  the  frequent  zonal  structure ;  since  particles  belonging  to  the  same  crystal 
may  give  extinction  angles  ranging  from  those  of  labradorite  to  oligoclase,  as  was 
observed  in  a  few  cases.  It  is  extremely  probable  that  the  plagioclase  phenocrysts 
of  the  majority  of  the  rocks  are  more  basic  than  in  the  present  instance,  which  is 
the  most  acid  rock  of  the  series.  tSymmetrical  extinction  angles  of  25-27  degrees 
in  the  zone  normal  to  (010)  with  Albite  twins  and  Karlsbad  twins  with  differences 
in  the  two  sides  of  12-15  degrees  would  seem  to  point  out  that  the  more  basic  lab- 
radorites  play  an  important  part  in  many  of  the  rocks  under  investigation.  The 
plagioclase  decompose  first  along  cleavage  and  twinning  directions,  except  perhaps 
when  zonal  structure  is  present,  in  which  case  the  alteration  begins  at  the  center 
of  the  crystal.  The  secondary  minerals  resulting  from  the  feldspars  were  found 
to  be  calcite,  mica,  kaolin,  epidote,  and  possibly  chlorite,  as  the  result  of  mutual 
reaction  of  solutions  originating  from  plagioclase  and  the  dark  minerals.  Quartz 
was  at  times  present  in  small  amounts,  but  whether  it  resulted  from  the  feldspars 
or  other  minerals  could  not  be  stated.  Of  these  alteration  products  calcite  was 
probably  most  common,  then  come  mica,  either  paragonite  or  muscovite,  and, 
finally,  epidote,  the  remainder  of  the  decomposition  products  being  rarer. 

Hornblende  is  the  next  most  important  constituent  after  the  plagioclase.  It  is 
pleochroic  with  c  and  ti  =  brown,  a  =  yellow  with  a  tinge  of  brown.  The  crys- 
tals are  generally  idiomorphic,  being  bounded  by  the  prism  (110),  clinopinacoid 
(010),  and  terminated  evidently  by  pyramid  and  dome  faces.  At  times,  however, 
the  mineral  occurs  in  bizarre  forms,  which  are  due  to  resorption.  Twins  were  ob- 
served after  the  orthopinacoid  (100).  Cleavage  is  good  after  the  prism  (110)  and 
cleavage  fragments  gave  an  extinction  of  11-13  degrees,  which  would  probably 
yield  values  of  14-16  degrees  on  (010).  Indications  of  zonal  structure  were  also 
observed.  All  of  these  facts  indicate  a  typical  basaltic  hornblende.  Through  de- 
composition the  mineral  loses  its  color  and  the  pleochroism  becomes  weaker,  but 
the  double  refraction  does  not  change.  Along  the  outer  parts  of  the  mineral  a 
mass  of  fine  dark  grains  of  iron  oxide,  which  at  times  is  hematite,  accumulates, 
giving  the  hornblende  at  firet  glance  an  appearance  of  zonar  structure,  or  perhaps 
of  resorption  rims.  This  could  not  be  the  fact,  however,  as  the  rims  increase  in 
width  with  growing  decomposition.    In  some  cases  the  alteration  does  not  pro- 
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ceed  farther  than  this  stafsie,  but  at  other  times  complete  alteration  to  chlorite  and 
calcite  is  found.  Hematite  is  also  seen  deposited  on  the  cleavage  cracks,  and 
epidote  occasionally  is  a  secondary  product. 

Augite  in  small  colorless  or  pale  green  crystals  occurs  at  times.  The  amount, 
however,  never  seems  to  be  great.  The  mineral  is  bounded  by  (110),  (010),  and 
(100)  in  the  prismatic  zone,  as  usual.  Cleavage  after  (110)  is  present,  but  not  well 
developed.  Twins  after  (100),  sometimes  polysynthetic,  are  found.  Extinction  in 
sections  near  (010)  is  42  degrees.  The  augite  seems  to  alter  more  readily  tlian  horn- 
blende to  chlorite,  calcite,  and  epidote,  so  that  the  maximum  amount  of  augite  can 
never  be  ascertained.  It  seems  certain,  however,  that  this  mineral  plays  a  less 
important  part  in  these  rocks  than  the  hornblende. 

Magnetite  is  always  present  in  considerable  quantity  in  both  phenocVysts  and 
groundoiass.  It  occurs  in  well  defined  octahedrons,  sometimes  twinned  after  the 
Spinel  law.  The  mineral  decomposes  to  hematite  and  limonite.  In  advanced 
stages  of  alteration  the  presence  of  lencozene  rims  around  the  surfaces,  as  well  as 
along  the  parting  planes,  proves  that  the  mineral  ^s  titaniferous.  Occasionally  the 
shape  of  the  crystals  and  amount  of  leucozene  is  such  as  to  indicate  ilmenite,  but 
the  fact  that  the  substance  is  so  strongly  magnetic  bespeaks  magnetite. 

Apatite  in  short  hexagonal  prisms,  terminated  evidently  by  base  and  pyramid, 
is  generally  present  in  and  near  the  magnetite. 

A  mineral  having  the  properties  of  zircon  is  found  very  sparingly. 

The  groundmass,  which  megascopically  is  always  aphanitic,  is,  so  far  as  could 
be  observed,  holocry stall! ne.  It  consists  mainly  of  plagioclase  microlites,  both 
twinned  and  untwinned,  often  woven  into  a  felt-like  or  pilotaxitish  structure,  but 
sometimes  possessing  a  parallel  arrangement  due  to  flowing.  In  rock  number  I, 
which  was  separated  by  means  of  the  Klein  solution,  a  quantity  of  the  ground- 
mass  was  found  in  the  portion  having  the  specific  gravity  2.684-2.64  at  22  de- 
grees centigrade.  However,  most  of  the  groundmass  seems  to  be  included  in  the 
quantity  having  the  specific  gravity  2.64-2.604  at  22  degrees,  while  a  very  small 
portion  ranges  from  2.604-2.578  at  22  degrees,  which  was  the  lightest  portion 
found  in  the  rock.  Although  these  masses  were  not  pure,  still  a  good  idea  is  given 
of  the  limits  within  which  the  groundmass  is  confined.  Extinction  angles  in  sec- 
tions normal  to  (010)  and  angles  measured  with  reference  to  the  long  directions 
of  the  microlites  gave  values  from  0  degrees  up  to  7-9  degrees.  It  seems  safe,  even 
from  the  specific  gravities,  to  conclude  that  the  groundmass  consists  of  oligoclase- 
andesine,  perhaps  with  some  albite,  in  contradistinction  to  the  andesine-labra- 
dorite  of  the  phenocrysts.  The  specific  gravity  2.578,  at  which  all  particles  of  the 
rock  had  slowly  fallen,  shows  that  there  could  be  no  glass  present  in  the  ground- 
mass.  Besides  plagioclase,  the  groundmass  contains  innumerable  specks  of  what 
seem  to  be  magnetite,  together  with  a  few  other  minerals  in  small  amounts,  which 
are  largely  secondary  products,  like  calcite,  epidote,  and  chlorite. 

Chemical  Composition* 

The  analyses  were  made  in  the  chemical  laboratory  of  Case  School  of  Applied 
Science,  under  the  direction  of  Doctor  A.  W.  Smith,  by  the  students  of  the  college. 

^Mesisrs  E.  W.  Gebhardt  and  W.  G.  Haldane,  who  made  analyses  II,  III,  IV,  V,  VI,  VIII,  and 
IX/chose  the  chemical  study  of  these  rocks  as  a  subject  for  the  degree  of  bachelor  of  science. 
Analysis  I  was  executed  by  Mr  K.  O.  Cross,  while  VII  was  analyzed  by  Mr  G.  B.  Willard.  To  all 
of  theae  gentlemen  my  thanks  are  due  for  their  work. 
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I.  Hornblende-andesite,  sammit  of  southeant  spar  of  Oalena  moontoln,  abore  Big  10  claim, 
near  Silverton,  Colorado. 

II.  Homblende-ande^ite,  tunnel  of  Dives  claim,  upper  level.  King  Solomon  mountain,  near 
Silverton,  Colorado. 

III.  Hornblende-andesite,  west  slope  of  Boulder  mountain,  1%  miles  north  of  Silverton. 

IV.  Homblende-andesite,  from  Middleton,  6  miles  northeast  of  Silverton,  on  east  side  of  road. 

V.  Hornblende-andesite,  30  feet  from  hanging  wall  of  Big  10  rein.  Galena  mountain. 

VI.  Hornblende-andesite,  country  rocks  of  Dives  claim,  upper  level  of  King  Solomon  mountain. 

VII.  Hornblende-andesite,  Little  Giant  pcnlc  of  King  Solomon,  slightly  below  summit  toward 
Cuningham  gulch. 

VI I I.  Hornblende-andesite,  summit  of  Little  Giant  pei^  of  King  Solomon  mountain,  about 
14,000  feet  above  sealevel. 

IX.  Hornblende-andesite,  hanging  wall  of  Big  10  vein  (east  side).  Galena  mountain,  near  Silver- 
ton,  Colorado. 

The  analyses  show  at  first  glance  that  the  rocks  are  of  andesitic  character,  and 
also  that  they  are  badly  decomposed.  All  the  rocks  have  a  similar  character,  with 
a  tendency  to  form  a  series,  ranging  from  acid  to  basic  members.  However,  if  the 
CX)s  were  calculated  to  the  remaining  constituents,  the  basic  end  of  the  series 
woald  not  be  so  low.  Nevertheless  these  rocks  belong  to  the  basic  rather  than  to 
the  acid  andesites.  In  the  analyses  the  constant  presence  of  considerable  TiO, 
and  MnO  is  to  be  noted.  The  TiO,,  as  before  mentioned,  is  probably  to  be  found 
in  the  magnetite.  The  fiict  that  the  microscope  shows  the  presence  of  apatite  in 
small  quantities  will  partially  explain  the  fact  that  some  of  the  analyses  are  too 
low,  as  PfOj  was  not  determined.  The  advanced  stage  of  alteration  of  these  rocks 
will  also  explain  other  seeming  irregularities  in  the  analyses.  In  many  cases  the 
rocks  have  undoubtedly  been  altered  by  the  ore-bearing  solutions  which  have  de- 
posited most  of  their  material  in  the  veins  of  the  district. 

Conclusion 

The  rocks  in  the  neighborhood  of  Silverton,  Colorado.' comprised  in  the  trian- 
gular area  bounded  by  Galena,  King  Solomon,  and  Boulder  mountains  are  horn- 
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blende-andesites  of  rather  basic  character,  havin{<  a  holocrystalline  porphyritic 
texture  with  phenocrysts  of  andesine-labradorite,  basallic  hornblende,  augite, 
magnetite,  and  apatite  in  a  pilotaxitish  groundmass  of  oligoclase-andesine  and 
magnetite.  These  rocks  are  rarely  fresh,  but  generally  very  much  altered— a  fact 
which  renders  them  difficult  as  well  as  unsatisfactory  material  for  investigation. 
In  many  cases  the  decom()08ition  has  been  caused  largely  by  the  action  of  ore- 
bearing  solutions,  an  example  of  which  is  especially  noticeable  in  analyses  V 
and  IX. 

The  fourth  paper  presented  was 

BVIDENCBS  OF  INTBRQLACIAL  DEPOSITS  IN  THE  CONNECTICUT  VALLEY 

BY  CHARLES  H.    HITCHCOCK 

\^Ab8lra<i'\ 

The  evidences  of  interglacial  deposits  in  the  Connecticut  valley  are  derived 
from  the  study  of  the  eskers,  notably  the  one  passing  through  Hanover,  New 
Hampshire,  which  has  been  followed  for  thirty  miles  between  Thetford  and 
Windsor,  Vermont.  The  esker  was  formed  in  caves  or  open  gorges  while  the 
ice  was  still  moving  down  the  valleys,  and  it  represents  glacial  action.  Hence 
the  underlying  deposits  represent  what  was  earlier  or  interglacial.  In  searching 
for  the  base  of  this  esker  I  found  it  to  be  modified  drift.  It  is  mainly  a  compact 
clay  containing  the  curious  massive  concretions  described  in  the  *'  Geology  of  Ver- 
mont" as  coming  from  Sharon.  This  I  find  at  several  localities  in  the  village  of 
Hanover,  revealed  by  recent  excavations.  There  is  a  later  widely  disseminated 
clay  not  indurated  and  passing  into  silt,  besides  containing  tubular  ferruginous 
concretions,  which  belongs  to  a  later  period.  Besides  the  clay  I  discover  a  thick 
sand  higher  up,  and  hence  intennediate  between  the  lateral  terraces  and  the  till, 
which  seems  to  represent  an  older  deposit.  Dunes  blown  from  this  were  described 
by  Upham*  in  Lebanon,  Plainfield,  Cornish,  Charlestown,  etcetera,  always  on  the 
east  side  of  the  valley.  The  dunes  are  absent  from  the  west  side  of  the  valley,  but 
the  deposit  is  present,  sometimes  associated  with  a  tough  clay. 

This  lower  clay  has  been  tilted  and  contorted,  as  in  the  vale  of  Tempe,  where 
the  wrinkling  is  comparable  with  the  minute  corrugation  of  crystalline  schists. 
The  combined  induration  and  folding  are  regarded  as  efifects  of  pressure  induced 
by  the  overlying  glacier. 

For  two  miles  along  the  east  bank  of  the  Connecticut  this  esker  is  continuous  at 
a  uniform  height,  cut  across  by  Mink  brook,  Tempe  brook,  and  at  length  by  the 
main  river.  I  find  valleys  of  drainage  pointing  across  this  ridge  at  two  points 
where  artificial  excavations  have  been  made — one  for  a  road  to  cross  the  Ledyard 
bridge  and  the  other  for  a  sewer  a  mile  north.  The  drainage  must  have  taken 
this  direction  before  the  formation  of  the  esker  and  through  modified  drift. 

Theee  facts  confirm  the  correctness  of  my  contention  of  the  existence  of  a  local 
Connecticut  glacier  subsequent  to  the  general  southeasterly  movement  of  the  ice. 
The  presence  of  what  appears  to  me  to  be  thia  same  glacial  lobe  is  predicated  by 
the  observations  of  Professor  B.  K.  Emerson  in  Monograph  XXIX  of  the  United 


*  Geology  of  New^Hampshire,  part  iii,  page  41  et  paasim, 
II— BviL.  GioL.  Soc.  Am.,  Vol.  12,  1900 
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States  Geological  Survey,  1809.  Upon  the  four  sheets,  plate  xxxv,  A,  B,  C,  D, 
thirteen  ice  harriers  obstructing  tributary  valleys  and  thereby  producing  high  level 
sands  are  representeil  upon  the  east  side  and  fifteen  upon  the  west  side.  Most  of 
them  extend  northerly  and  southerly,  because  the  obstructing  ice  occupied  the 
main  valley.  Other  ice-tongues  seem  to  have  similarly  occupied  the  Deerfield 
and  Millers  river  valleys. 

It  has  been  objected  to  the  existence  of  local  glaciers  that  the  flow  of  the  lower 
ice  was  influenced  locally  by  the  topography.  This  fact  is  conceded  for  the  time 
of  excessive  ice  accumulation,  and  then  it  will  l^e  the  valley  rocks  which  will  be 
transported  downward ;  but  the  esker  is  characterized  by  the  presence  of  the  val- 
ley rocks,  and  they  must  have  been  transported  even  after  the  accumulation  of 
some  modified  drift.  I  refer  to  the  fragments  of  white  mountain  porphyries  which 
are  common  in  the  esker,  but  have  not  yet  been  discc»vered  in  the  neighboring  till. 
These  fragments  increase  in  number  and  rise  as  one  ascends  the  valley  of  the 
Ammonoosuc,  and  constitute  there  an  upper  till  overlying  the  ground  moraine. 

The  presence  of  this  lobe  of  ice  may  confirm  the  contention  of  Mr  Upham,  that 
certain  tributary  deltas  are  higher  than  the  normal  principal  terrace  of  the  Con- 
necticut. The  side  stream  may  occasionally  discharge  an  abnormal  amount  of 
water  which  would  pile  up  an  unusual  amount  of  sediment. 

Following  the  reading  of  Professor  Hitchcock's  paper  the  Society 
adjourned,  at  12.40  o'clock,  for  the  noon  recess.  At  2.10  o'clock  the 
Society  reconvened  and  listened  to  a  second  paper  by  the  same  author. 

VOLCANIC  PHENOMENA  ON  HAWAII 

BY  cuARi.Ks  H.  Hrrcncx)CK 

Remarks  were  made  by  W.  H.  Hobbs  and  by  visitors.  The  paper  is 
printed  in  full  in  this  volume. 

The  next  paper  was 

A    THEORY  OF  ORIGIN  OF  SYSTEMS  OF  NEARLY   VERTICAL  FAULTS 

BY   WILLIAM   H.    HOBBS 

lAbgtract] 

The  point  is  first  emphasized  that  joints  and  faults  probably  difier  in  degree  of 
displacement  chiefly,  and  that  prismatic  fault  systems  formed  of  two  parallel  and 
intersecting  scries  may  be  explained  by  simple  compression  of  a  section  of  crust  in 
the  same  way  that  prismatic  systems  of  joints  have  been  accounted  for  by  Becker 
and  others.  The  conditions  of  rupture  under  compression  are  discussed  (a)  for  a 
homogeneous  crustal  block  without  preexisting  structure  planes,  and  {b)  for  a  crustal 
block  possesj$ed  of  a  network  of  vertical  fault  planes.  Stress  is  laid  upon  the  fact, 
too  often  overlooked,  that  an  isotropic  block  during  compression  is  in  the  aniso- 
tropic condition  of  a  non-isometric  crystal. 

The  relative  depression  of  a  crustal  block  along  vertical  rupture  planes  due  to 
inadequate  support  of  its  load  receives  an  independent  discussion.  In  every  area 
where  relative  depression  occurs  there  is  a  closed  line,  which  may  be  termed  the 
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umrgin  of  the  area  of  no  vertical  stress,  or  for  brevity  the  line  of  no  vertical  stress, 
along  which  and  without  which  there  is  no  vertical  component  of  the  stress  due  to 
load,  but  about  which  act  the  momenta  of  the  load  within  the  overloaded  area. 
The  convergence  of  vertical  planes  downward  imposes  a  restraint  upon  the  de- 
pression of  a  crustal  block  withm  vertical  walls,  and  tends  to  form  new  rupture 
planes  if  the  thickness  of  the  crustal  block  be  small  in  comparison  with  its  area. 

The  principles  discussed  are  applied  to  explain  the  observed  faults  within  the 
valley  of  the  Pomperang  river,  Connecticut. 

The  following  paper  was  read  by  the'author,  who  was  introduced  by 
J.  M.  Clarke : 

HUDSON  RIVER   BEDS  NEAR  ALBANY  AND   THEIR  TAXONOMIC  EQUIVALENTS 

BY   RUDOLF  RUEDEMANN 

[Ahsitactl 

This  paper  is  the  first  installment  of  an  investigation  of  the  belt  of  so-called  Hud- 
Bon  River  beds,  extending  on  both  sides  of  the  Hudson  river  in  eastern  New  York. 
It  gives  the  results  obtained  between  the  mouths  of  the  Mohawk  river  and  Coey- 
mans  Kill. 

The  uniform  mass  of  shales  and  sandstones  with  conformable  easterly  dip,  which 
hitherto,  as  "  Hudson  River  beds,"  has  been  considered  as  representing  the  time 
interval  between  the  Utica  and  Oneida  ages,  can,  by  means  of  the  entombed 
faunas,  be  separated  into  Lower,  Middle,  and  probably  Upper  Trenton  beds,  Utica 
shale,  and  Lorraine  beds.  All  of  these  stages  are  represented  by  belts  of  similar 
rocks,  extending  from  west -northeast  to  south-southeast  with  the  general  strike 
of  the  rocks.  The  whole  series  is  overturned,  being  the  underturned  wing  of  an 
overturned  fold  of  Appalachian  type. 

Remarks  were  made  by  J.  M.  Clarke. 

The  three  following  papers  were  read  by  title : 

FAUNA  OF  THE  ARENACEOUS  LOWER  DEVONIC  OF  AROOSTOOK  COUNTY,  MAINE 

^  BY  JOHN   M.   CLARKE 

GIANTS*  KETTLES  ERODED  BY  MOULIN  TORRENTS 

BY  WARREN   UPHAM 

This  paper  is  printed  in  full  in  this  volume. 

PLEISTOCENE    ICE   AND    RIVER    EROSION    IN    THE   SAINT  CROIX   VALLEY  OF 

MINNESOTA  AND  WISCONSIN 

BY  W^ARRBN   UPHAM 

This  paper  is  printed  in  full  in  this  volume. 

After  announcement  of  excursions  under  the  guidance  of  Professor 
J.  F.  Kemp,  the  Society  adjourned. 
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Introduction 


The  theme  of  this  pap6r  was  first  considered  somewhat  fully  by  the 
present  writer  in  a  lecture,  March  18,  1896,  entitled  "  The  Saint  Groix 
river  before,  during,  and  after  the  Ice  age."  This  lecture  was  given  at 
Taylors  Falls,  Minnesota,  as  one  in  a  series  designed  to  direct  public 
attention  to  the  Interstate  park,  recently  set  apart  by  legislative  enact- 
ments of  Minnesota  and  Wisconsin,  on  each  side  of  the  Saint  Croix 
river  at  its  Upper  Dalles,  closely  adjoining  the  towns  of  Taylors  Falls, 
Minnesota,  and  Saint  Croix  Falls,  Wisconsin.  The  series  of  lectures  was 
published  in  1896  by  Honorable  George  H.  Hazzard,  the  Interstate  Park 
Commissioner  of  Minnesota ;  but  my  lecture  was  withheld  from  publi- 
cation in  geologic  literature,  excepting  very  brief  notes,^  on  account  of 
my  hope  for  further  opportunities  of  field  observation  and  study  of  this 
subject. 

My  chief  conclusion,  that  in  the  Glacial  period  the  Saint  Croix  river 
first  began  to  occupy  the  part  of  its  valley  including  the  rock  gorges  of 
the  Upper  and  Lower  Dalles,  was  soon  accepted  by  Doctor  Charles  P. 

•Am.  Geologist,  vol.  17,  p.  260,  April,  1896,  and  toI.  18,  p.  223,  Oct.,  1896. 
Ill— Bull.  Oboi^  80c.  Am.,  Vol.  12,  1900  (13) 
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Berkey  *  and  Mr  A.  H.  Elftinan,t  who  each  made  extensive  field  studies 
.  of  this  district.  They  diflTer  from  me,  however,  in  referring  the  erosion 
of  the  new  part  of  the  valley  to  late  Glacial  and  postglacial  time,  in- 
stead of  which  it  seems  to  me  to  belong  to  an  interglacial  stage  or  epoch. 
Probably  its  date  was  the  same  as  that  of  the  erosion  of  large  water- 
courses in  the  drift-sheet  of  Martin  county,  on  the  southern  border  of 
Minnesota,  which,  having  become  in  part  and  irregularly  filled  by  later 
drift,  are  marked  by  three  very  remarkable  chains  of  lakes4 

Subsequently  I  have  again  several  times  examined  the  portions  of  this 
valley  next  below  and  above  the  Dalles,  confirming  the  view  that  the 
new  course  of  the  river  and  much  of  its  gorge  erosion  are  referable  to  a 
long  intjprglacial  stage  which  in  the  Mississippi  basin  followed  the  Kan- 
san  stage  of  maximum  glaciation. 

During  that  time  of  extensive  recession  of  the  border  of  the  ice-sheet, 
the  Saint  Croix  river  appears  to  have  channeled  this  part  of  its  valley 
and  its  gorges  in  the  Dalles,  thereby  uniting  two  hydrographic  basins, 
which  previous  to  the  Ice  age  had  been  each  separately  tributary  to  the 
Mississippi.  After  the  readvancing  ice-sheet  had  again  reached  south- 
ward nearly  to  its  previous  limit  west  of  the  Mississippi,  and  even  be- 
yond it  in  Illinois  and  eastward,  this  river  during  the  final  departure  of 
the  ice,  in  the  closing  Wisconsin  stage  of  the  Glacial  period,  carried  for 
some  time  a  much  greater  volume  of  water  than  now,  being  temporarily 
the  outlet  of  a  great  lake  dammed  by  the  barrier  of  the  northeastwardly 
receding  ice  border  in  the  western  part  of  the  I^ake  Superior  basin.  The 
beds  of  the  Saint  Croix  and  Mississippi,  southward  from  the  Dalles,  were 
then  channeled  considerably  below  their  present  depths,  and  by  later 
partial  refilling  with  sand  and  gravel  they  have  come  to  be  occupied  in 
the  unfilled  portions  by  lake  Saint  Croix  and  lake  Pepin. 

The  Saint  Croix  River  and  Basin 

Measured  along  the  general  course  of  the  valley,  and  without  includ- 
ing the  minor  bends  and  meandering  of  the  river,  its  length  from  source 
to  mouth  is  about  150  miles.  At  first  it  runs  southwestward  about  75 
miles ;  then  east  and  southeast  about  25  miles,  to  Taylors  Falls,  and, 
lastly,  south  about  50  miles.  In  the  southern,  half  of  the  distance  last 
noted  it  is  expanded  to  the  width  of  a  half  mile  to  one  mile,  forming 

♦  "Geology  of  the  Saint  Croix  Dalles,"  part  I,  Am.  Geologist,  vol.  20,  pp.  345-383,  with  maps  and 
sections,  Dec,  1897.  This  paper  is  continued  by  parts  II  and  III,  on  the  mineralogy  and  paleon- 
tology of  the  roclc  formations,  in  vol.  21,  pp.  139-155  and  270-294,  with  maps  and  plates,  March  and 
May,  1898. 

t  ••  The  Saint  Croix  River  valley,"  Am.  Geologist,  vol.  22,  pp.  68-61,  July,  1898. 

{  Geology  of  Minnesota,  vol.  1,  1884,  pp.  479-485,  with  map  at  page  472. 
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the  lake  Saint  Croix.  Several  large  tributaries  flow  to  the  Saint  Croix 
river  from  each  side,  and  the  maximum  width  of  the  drainage  basin  is 
about  80  miles,  from  the  beginnings  of  the  Kettle  river  in  Minnesota 
southeast  to  the  farthest  springs  of  the  Yellow  river  in  Wisconsin. 

According  to  Mr  James  L.  Greenleaf,  in  his  *'  Report  on  the  water 
power  of  the  Mississippi  river  and  some  of  its  tributaries/'  contained  in 
volume  17  of  the  quarto  final  reports  of  the  tenth  United  States  census, 
for  1880,  published  in  1887,  the  drainage  area  of  the  Saint  Croix  com- 
prises 7,576  square  miles,  of  which  slightly  more  than  half  lies  in  Wis- 
consin. The  volume  of  the  river  at  its  mouth  in  the  stage  of  low. water 
\ti  stated  to  be  2,800  cubic  feet  per  second,  and  the  average  flow  about 
6,200  cubic  feet  per  second  for  the  whole  year. 

The  chief  tributaries  from  Wisconsin  are  the  Namekagon  river,  stated 
by  Greenleaf  to  be  85  miles  long,  draining  an  area  of  1,025  square  miles ; 
the  Yellow  river,  50  miles  long,  draining  310  square  miles;  the  Clam 
river,  also  50  miles  long,  draining  416  square  miles;  Wood  river,  30 
miles  long,  draining  168  square  miles ;  Apple  river,  55  miles  long,  drain- 
ing 427  square  miles ;  and  Willow  river,  35  miles  long,  draining  246 
square  miles. 

From  Minnesota  the  Saint  Croix  receives  the  Kettle  river,  noted  as  70 
miles  long,  with  the  largest  tributary  drainage  area,  1,093  square  miles; 
the  Snake  river,  78  miles  long,  draining  937  square  miles ;  and  the  Sun- 
rise river,  30  miles  long,  draining  292  square  miles. 

Table  of  Altitudes 

The  following  altitudes  along  the  Saint  Croix  river,  given  in  feet  above 
the  sea,  from  leveling  by  United  States  engineers  in  surveys  for  convert- 
ing some  of  the  abundant  lakes  of  its  head  streams  into  a  reservoir  sys- 
tem, and  from  railroad  surveys,  show  that  the  main  stream  has  a  descent 
of  about  400  feet : 

Feet 

Springs  at  head  of  the  South  branch  of  the  Bois  Brul6  river 1,06S 

Springs  at  head  of  the  Saint  Croix  river 1,070 

(These  springes  rise  in  the  same  marsh,  600  feet  apart^  the  Bois  Brul^ 
river  running  north,  the  Saint  Croix  south.  An  ancient  watercourse 
exists  here,  mainly  about  a  mile  wide,  bordered  by  drift  bluffs  75  feet 
high,  with  their  crests  1,140  to  1,150  feet  above  the  sea.  It  was  the 
outlet  of  lake  Superior  when  the  receding  ice-sheet  on  the  northeast, 
acting  as  a  barrier  to  the  present  course  of  outflow,  held  this  lake  about 
500  feet  higher  than  now.) 

Upper  Saint  Croix  lake 1,011 

Saint  Croix  river  at  Gordon,  Wisconsin 1,006 

Same,  low  water,  above  and  below  the  **  Big  dam  ^' 1,005  and  1,001 


16        W.  UPHAM — ICB  AMD  RIVER  £B06I0N  IN  SAINT  CROIX  VALLEY 

Fe«t 

Same  at  Mooee  River  rapids ^7 

Moath  of  Namekagon  river 912 

Mouth  of  Yellow  river  892 

Mouth  of  Clam  river 870 

Head  of  Kettle  River  rapids  (4  miles  long,  falling  49  feet) 858 

Mouth  of  Kettle  river,  west  of  the  "  Big  island  " ^ 824 

Foot  of  Kettle  River  rapids 809 

Mouth  of  Snake  river 798 

At  bridge  of  the  Grantsburg  branch,  Saint  Paul  and  Duluth  railroad 775 

At  Rush  City  ferry 770 

Mouth  of  Sunrise  river 758 

Mouth  of  Trade  river 753 

Head  of  Saint  Croix  rapids  (6  miles  long,  falling  53  feet) 742 

Mouth  of  Big  Rock  creek 726 

Foot  of  Saint  Croix  rapids,  at  the  town  of  Saint  Croix  Falls ' 689 

At  Taylors  Falls,  the  head  of  steamboat  navigation,  three-fourths  of  a  mile 

below  the  last 687 

At  head  of  Rock  island / 685 

At  Osceola.  683 

At  bridge  of  the  Minneapolis,  Sault  Ste.  Marie  and  Atlantic  railway,  bed, 

670 ;  low  and  high  water 680-^7 

Mouth  of  A  pple  river 672 

At  bridge  of  the  Wisconsin  Central  railroad,  bed,  666;  ordinary  low  stage 

of  water,  676 ;  extreme  low  and  high  water 670-689 

Lake  Saint  Croix  (maximum  depth,  25  feet),  extreme  low  and  high  w^ater, 

667-687 ;  ordinary  sUge 672 

Junction  with  the  Mississippi  river  at  Prescott 667 

Preglacial  Rivers  in  the  Saint  Croix  Valley 

The  very  long  Tertiary  era,  preceding  the  Ice  age,  had  permitted  the 
larger  streams  of  Minnesota  and  Wisconsin  to  erode  deep  and  wide,  well 
matured  valleys,  free  from  waterfalls  or  strong  rapids,  and  having  no 
narrow,  rock-walled  gorges,  like  the  Dalles  of  the  Saint  Croix.  But  in 
the  northern,  drift  covered  part  of  the  United  States,  and  throughout 
Canada,  the  rivers,  on  their  again  coming  into  existence  when  the  ice  of 
the  Glacial  period  melted  away,  found  themselves  in  many  places  turned 
aside  from  their  preglacial  courses  by  the  drift  deposits  and  by  the  move- 
ments of  continental  uplift  and  subsidence  that  were  associated  with  the 
Ice  age.  In  some  cases  formerly  independent  streams  were  thus  united 
to  make  a  single  larger  river  system ;  and  often  a  river  was  turned  out  of 
its  old  drift-filled  valley  for  a  comparatively  short  distance,  as  a  few  miles, 
being  there  compelled  to  cut  a  new  gorge  in  the  bed-rocks. 

One  or  the  other  of  these  results  of  tlie  Glacial  period  has  been  well 
ascertained  as  the  fortune  of  so  many  rivers  in  the  great  drift-covered 


PREGLACIAL  RIVERS  IN   THE  SAINT  CROIX  VALLEY  17 

region  that  the  occurrence  of  the  two  short,  grandly  picturesque  rock 
gorges,  or  canyons,  known  as  the  Upper  and  Lower  Dalles  of  the  Saint 
Croix,  so  named  by  the  French  voyageurs  in  allusion  to  their  inclosing 
walls  of  rock,  strongly  suggests  that  there  the  stream  is  now  flowing  in 
a  course  which  it  has  cut  during  and  since  the  Ice  age.  No  closely  ad- 
jacent belt,  however,  seems  to  be  probably  identifiable  as  a  drift-filled 
preglacial  valley.  Therefore,  from  my  studies,  for  the  Minnesota  Geo- 
logical Survey,  of  the  country  extending  many  miles  westward  from  the 
Saint  Croix,  I  conclude  that  in  preglacial  times  this  river  was  repre- 
sented by  two  quite  independent  rivers,  each  flowing  into  the  Mississippi. 

The  greater  part  of  the  Saint  Croix  drainage  basin,  including  all  above 
the  rapids,  six  miles  long,  which  end  at  Saint  Croix  Falls  and  Taylors 
Falls,  I  think  to  have  belonged  before  the  Ice  age  to  a  river  flowing  south 
and  southwest  from  the  principal  elbow  of  the  present  Saint  Croix,  taking 
approximately  the  course  of  the  Sunrise  river,  which,  however,  now  runs 
northward,  and  traversing  Anoka  county  to  a  junction  with  the  Missis- 
sippi somewhere  between  Anoka  and  Minneapolis.  Thence,  as  Professor 
N.  H.  Winchell  has  shown,  the  preglacial  course  of  the  Mississippi 
probably  passed  southeastward.*  It  may  have  coincided  nearly  with 
the  site  of  lake  Phalen,  close  northeast  of  Saint  Paul,  running  thence 
south  two  miles  to  join  the  present  valley  near  the  State  Fish  Hatchery, 
where  the  northeastern  blufi*  of  the  Mississippi  for  a  distance  of  about 
a  mile  consists  of  morainic  glacial  drift  without  rock  outcrops.  Between 
lake  Phalen  and  this  place,  a  well  at  the  Saint  Paul  Harvester  works, 
about  863  feet  above  the  sea,  penetrated  235  feet  of  drift  deposits  before 
reaching  the  bed-rock,  thus  revealing  the  existence  of  a  preglacial  chan- 
nel eroded  there  by  a  river  tfiat  flowed  at  a  level  65  feet  below  the  present 
Mississippi.f 

A  broad,  low  belt  of  sand  and  gravel  plains  stretches  across  the  dis- 
tance of  nearly  40  miles  from  the  Saint  Croix  to  the  Mississippi  at  Anoka, 
nowhere  having  a  greater  height  than  150  feet  above  the  elbow  of  the 
Saint  Croix  and  the  mouth  of  the  Sunrise  river.  On  the  east,  between 
that  low  tract  and  the  Saint  Croix  valley,  a  belt  of  rolling  and  hilly 
glacial  drift  or  till  underlain  in  part  by  the  bed-rocks  at  a  greater  alti- 
tude than  the  sand  and  gravel  area  westward  divides  it  from  this  valley. 
It  seem  to  me  more  likely  therefore  that  the  old  river  passed  far  west 
and  south,  to  Anoka  and  Saint  Paul,  than  that  it  took  the  course  sug- 


*"An  approximate  interglacial  chronometer,"  Am.  Oeologist,  vol.  10,  pp.  69-80,  with  sections 
and  a  map,  AiiKUst,  1892.  On  thin  map  the  probable  preglacial  and  intei'glacial  channels  of  the 
Mi.«ai9sippi  in  the  vicinity  of  Minneapolin  and  Saint  Paul  are  delineated,  differing  much  from  it* 
present  courne. 

t  Geology  of  Minnesota,  Final  Report,  vol.  2,  1888,  pp.  361-363. 
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gested  by  Mr  Elfbman,  from  the  Sunrise  river  by  Chisago  lake  to  rejoin 
the  present  Saint  Croix  valley. 

About  a  sixth  part  of  the  Saint  Croix  basin,  lying  east  and  south  of 
Taylors  Falls,  appears  to  have  been  drained  during  the  Tertiary  era  by 
a  stream  coinciding  nearly  with  the  Apple  river  and  the  lower  30  miles 
of  the  Saint  Croix  river.  The  large  basin  and  river  first  described  may 
be  called  the  preglacial  Saint  Croix,  and  the  lower  small  stream  may 
be  distinguished  as  the  enlarged  preglacial  Apple  river. 

These  Tertiary  drainage  areas,  which  by  the  vicissitudes  of  the  Ice  age 
became  united  into  one  stream,  the  present  Saint  Croix,  I  think  to  have 
been  divided,  up  to  the  time  of  the  ice  accumulation  in  the  Glacial  period, 
by  a  watershed  of  the  very  old  trappean  and  Cambrian  rocks,  extending 
from  northeast  to  southwest  across  the  sites  of  the  towns  of  Saint  Croix 
Falls  and  Taylors  Falls. 

Pleistocene  Erosion  of  the  Dalies 

In  the  twenty-third  annual  report  of  the  Minnesota  Geological  Survey 
for  the  year  1894  I  have  stated  (on  pages  188-190)  the  evidence  that  the 
recession  of  the  ice-sheet  during  the  Buchanan  interglacial  stage,  which 
succeeded  its  Kansan  stage  of  maximum  area  west  of  the  Mississippi, 
extended  northward  beyond  the  site  of  Barnes ville,  Minnesota,  on  the 
southern  part  of  the  great  valley  plain  of  the  Red  river  of  the  North. 
Probably  at  that  time  the  ice  had  been  melted  away  from  nearly  or  quite 
all  of  the  southern  half  of  Minnesota.  Tliat  the  retreat  of  the  icesheet 
had  uncovered  the  southern  third  of  the  Saint  Croix  basin  is  shown,  in 
Nessel  township,  Chisago  county,  Minnesota,  near  Rush  City,  by  an  in- 
terglacial Buchanan  land  surface,  with  wood  and  peaty  matter,  upon  a 
deposit  of  modified  drift  that  was  laid  down  during  the  previous  retreat 
of  the  ice.*  Above  the  wood  and  peat  of  this  place,  and  above  an  ex- 
tensive plain  of  the  Buchanan  modified  drift  reaching  thence  several 
miles  eastward,  a  somewhat  uniform  mantle  of  till,  10  to  20  feet  deep, 
Was  spread  during  the  ensuing  Illinoian  and  lowan  glacial  readvance. 

We  thus  know  that  the  district  including  the  Dalles  and  extending 
northward  at  least  to  Rush  City  was  uncovered  from  the  ice-sheet  during 
the  Buchanan  stage  of  the  Glacial  period.  Later  the  increasing  snow- 
fall again  permitted  nearly  all  this  basin  to  be  enveloped  by  the  ice  of 
the  Illinoian  and  lowan  stages,  reaching  on  the  Saint  Croix  river  south- 
easterly to  the  conspicuous  moraine  belts  which  pass  from  Saint  Paul 
and  Minneapolis  northeastward  to  the  northern  half  of  lake  Saint  Croix 


•Geology  of  Minnesota,  vol.  2, 1888,  pp.  414,  418. 
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and  through  the  southeastern  part  of  Chisago  county,  continuing  thence 
onward  in  Wisconsin. 

Terraces  of  sand  and  gravel,  which  are  found  in  the  Saint  Croix  val- 
ley 4  to  10  miles  north  of  Taylors  Falls,  mostly  having  a  height  of  about 
90  feet  above  the  river,  are  remnants  of  valley  drift  deposited  during 
the  Wisconsin-  stage  of  the  final  departure  of  the  ice-sheet.  These 
gravel  deposits,  continuous  as  one  expanse  of  modified  drift  from  the 
"jack  pine  barrens  "  of  northwestern  Wisconsin,  bear  testimony  that 
a  part  of  the  floods  from  the  dissolving  ice  then  passed  southward  along 
the  present  Saint  Croix,  and  that  the  erosion  of  the  valley  in  the  vicinity 
of  the  Dalles  had  been  mainly  accomplished  previous  to  the  Wisconsin 
stage.  We  are  led,  therefore,  to  the  conclusion  that  much  channeling 
of  the  valley  here,  enlarging  it  along  all  its  course  from  the  Dalles 
southward  to  the  Apple  river,  and  eroding  the  drift  bluff,  an  escarpment 
of  till,  which  rises  steeply  on  the  west  side  of  the  valley  at  Taylors  Falls 
and  northward  to  the  height  of  200  to*  220  feet  above  the  river,  took 
place  mostly  during  the  prolonged  Buchanan  interglacial  stage.  It  was 
a  nearly  similar  history  with  that  of  the  Minnesota  river  during  the 
same  Buchanan  time  in  the  reexcavation  of  its  valley,  which  had 
doubtless  become  chiefly  filled  with  drift  during  the  principal  Kansan 
stage  of  glaciation. 

When  I  wrote  the  chapter  on  this  district  for  the  final  report  of  the 
Minnesota  Geological  Survey  (volume  2,  1888,  pages  399-425,  with  map 
of  Chisago,  Isanti,  and  Anoka  counties),  I  believed  that  the  preglacial 
and  postglacial  courses  of  the  Saint  Croix  were  alike ;  but  I  now  attribute 
the  establishment  of  this  great  river  course  and  valley  at  the  Dalles,  and 
for  many  miles  above  and  below,  to  the  capricious  outlines  of  the  re- 
treating ice-front  in  Buchanan  time,  probably  sending  a  considerable 
stream  across  the  preglacial  watershed  and  along  this  course  at  first 
because  the  ice  itself  was  still  a  barrier  on  the  lower  country  westward. 
The  erosion  by  this  stream  had  cut  down  this  section  of  the  valley  and 
the  two  gorges  of  the  Upper  and  Lower  Dalles  so  far  before  that  lower 
land  was  uncovered  from  the  ice  that  the  channel  so  begun  still  con- 
tinued as  the  lowest  then  available  for  the  river,  and  the  erosion  appar- 
ently extended  as  deep  as  to  the  present  river  level  before  the  renewal 
of  ice  accumulation. 

The  duration  of  the  interglacial  stage  attended  by  great  decrease  of 
this  part  of  the  continental  ice-sheet  has  been  estimated  by  Winchell, 
from  his  investigation  of  the  drift-filled  gorge  of  the  Mississippi  west  of 
Minneapolis,  to  have  measured  about  15,000  years.*    Within  that  time, 

*  Paper  before  cited  in  the  American  Geologist  (vol.  10),  estimating  the  interglacial  stage  as 
•,7fiO  yean ;  which  la  corrected  to  about  15,000  years  in  the  same  volume,  p.  302,  Nov.,  1892. 
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preceded  and  followed  by  long  stages  of  glaciation  of  this  disti 
drainage  from  an  embayment  of  the  ice  boundary,  at  the  jun< 
glacial  currents  flowing  in^  Minnesota  from  the  northwest  and 
consin  from  the  northeast,  passed  in  a  large  river,  the  interglaci^ 
Croix,  across  the  former  watershed  where  we  now  have  the  gorge 
Dalles.* 

Separate  preglacial  streams  flowing  from  this  locality  southws 
northwestward  during  many  thousand  years  of  the  Tertiary  era 
now  continuous  river  course,  had  doubtless  performed  the  great 
of  the  valley  erosion  on  each  side  of  the  ohl  watershed,  which  it 
may  also  believe,  was  deeply  indented  here  by  a  col  of  the  tr 
rocks  in  which  the  Dalles  are  channeled.  The  separate  valleys 
each  way  from  the  col,  as  eroded  during  the  very  long  Tertij 
may  have  attained  nearly  the  same  size  which  they  now  have  i 
of  the  present  continuous  valley,  varying  mainly  from  about  a  hi 
to  one  mile  in  width  and  from  75  feet  to  about  150  feet  in  depth 
the  adjoining  rock  clifis. 

In  the  Upper  Dalles,  at  and  just  south  of  Taylors  Falls,  extendin 
two-thirds  of  a  mile,  and  again  in  the  Lower  Dalles,  situated  tw 
farther  down  the  river  and  reaching  one-third  of  a  mile,  imme 
above  the  village  of  Franconia,  Minnesota,  the  rock  cliffs  of  trj 
weenawan  diabase,  rise  almost  or  quite  perpendicularly  on  each 
the  river,  inclosing  it  at  each  place  by  a  very  picturesque  gorg( 
vertically  jointed  and  castellated  walls  of  the  Upper  Dalles  form 
from  200  feet  to  about  500  feet  wide,  which  turns  at  a  sharp  angl 
central  part  from  a  course  nearly  due  south  to  another  bearin 
southwest.  The  course  of  the  Lower  Dalles,  about  500  feet  wide, 
west  southwest,  this  direction  being  in  each  case  determined  by 
cipal  system  of  parallel  and  nearly  vertical  joint  planes. 

Between  these  diabase  gorges  the  valley  widens  to  about  a  n 
western  rock  wall  being  an  escarpment  of  almost  horizontally  1 
Cambrian  sandstone  and  shales,  easily  eroded,  while  on  the  en 
inclosed  by  irregular  slopes  of  the  igneous  Keweenawan  rocks, 
tinning  south  from  the  Lower  Dalles,  the  valley,  a  half  mile  to  oi 
wide,  is  inclosed  by  escarpments  of  the  horizontal  Cambrian  san 
capped  by  dolomitic  limestone,  with  overlying  glacial  drift.  Ret 
and  going  up  the  river  from  Saint  Croix  Falls,  we  find  its  valle, 
inclosed  chiefly  by  eroded  drift  bluffs. 

Glacial  erosion  in  this  part  of  the  Saint  Croix  valley  is  suppo 
Doctor  Berkey  to  have  been  an  important  factor  in  causing  the  i 
the  end  of  the  Ice  age  to  take  its  present  course.  It  seems  to  nn 
ever,  as  before  shown,  that  we  may  better  regard  the  oppositely  f 
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preglacial  streams  and  the  interglacial  Saint  Croix  as  the  chief  agents 
of  the  valley  sculpture.  During  the  maximum  Kansan  glaciation  the 
ice-Bheet  here  was  doubtless  very  efficient  in  planing  down  the  rock 
surface,  and  it  certainly  aided  to  some  degree  in  shaping  the  valley.  It 
also  acted  in  the  same  way  during  the  Illinoi^n  and  lowan  stages.  But 
for  some  time  in  the  closing  Wisconsin  stage  of  that  later  glaciatioa  this 
district,  lying  near  the  glacial  boundary  and  its  marginal  moraines,  was 
less  powerfully  pressed  and  worn  beneath  the  thin  ice  border,  and  in- 
stead was  characterized  rather  by  drift  deposition. 

Outlet  of  the  Western  Superior  Glacial  Lake 

In  the  western  part  of  the  basin  of  lake  Superioi  the  receding  ice-sheet 
held  a  lake  which  outflowed  southward  through  northwestern  Wisconsin, 
across  the  present  watershed,  between  the  Bois  Brul6  and  Saint  Croix 
rivers.  The  highest  shoreline  of  this  lake  at  Duluth  is  535  feet  above 
lake  Superior  (which  has  a  mean  level  602  feet  above  the  sea)  ;  on  mount 
Josephine,  about  130  miles  northeast  from  Duluth,  its  height,  according 
to  leveling  by  Doctor  A.  C.  Lawson,  is  607  feet;  and  at  L'Anse  and  Mar- 
quette, Michigan,  175  and  225  miles  east  of  Duluth,  it  is  found  by  Mr 
F.  B.  Taylor  about  590  feet  above  the  lake.  The  northeastward  uplift 
averages  seven  inches  per  mile,  and  the  eastward  ascent  is  approximately 
three  inches  per  mile. 

The  latest  and  lowest  of  the  Western  Superior  beaches  observed  at 
Duluth,  occupied  by  the  ** boulevard"  or  pleasure  driveway,  475  feet 
above  the  lake,  on  the  bluffs  back  of  the  city,  appears  to  have  an  ascent 
of  only  about  35  feet  in  the  distance  to  mount  Josephine,  showing  that 
the  uplift  of  the  land  was  quite  rapidly  in  progress  while  the  ice-front 
still  maintained  the  lake  at  the  Saint  Croix  outlet. 

Not  long  after  the  glacial  retreat  passed  eastward  beyond  mount  Joseph- 
ine and  Marquette,  this  lake  was  lowered  and  merged  with  lake  Warren 
across  the  lowlands  of  the  northern  peninsula  of  Michigan.  The  vertical 
interval  between  the  final  stage  of  the  Western  Superior  lake  and  the 
level  of  lake  Warren  shown  by  its  earliest  beach  at  Duluth  was  about 
60  feet.  Thenceforward  the  outlet  of  lake  Warren  past  Chicago  carried 
away  the  drainage  from  the  glacial  melting  and  rainfall  of  the  Superior 
basin. 

The  old  channel  of  outflow  to  the  Saint  Croix  river  has  a  width  of 
about  a  fifth  of  a  mile  in  its  narrowest  place.  Its  bed  is  1,070  feet  above 
the  sea,  or  468  feet  above  lake  Superior,  and  it  is  bordered  by  bluffs 
about  75  feet  high,  showing  that  when  the  course  of  outflow  began  here 
the  Western  Superior  glacial  laka  was  about  550  feet  above  the  present 

IV— Bull.  Owl.  Boo.  Am.,  Vol.  12,  1900 
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lake  level.  Probably  the  highest  part  of  the  swamp  now  forming  the 
watershed  in  the  channel  has  been  filled  20  to  25  feet  since  the  lake  for- 
sook this  mouth,  which  was  thus  lowered  by  erosion  some  100  feet,  from 
1,150  to  1,050  feet,  approximately,  above  the  present  sealevel. 

Origin  of  Lake  Saint  Croix  and  Lake  Pepin 

Since  the  ice  barrier  which  caused  the  glacial  lake  Agassiz  and  the 
Western  Superior  lake  disappeared,  the  Minnesota  valley  and  that  of 
the  Mississippi  below  tlleir  confluence,  and  also  the  Saint  Croix  valley 
below  Taylors  Falls,  carrying  only  a  small  fraction  of  their  former  vol- 
ume of  water,  have  become  considerably  filled  by  the  alluvial  gravel, 
sand,  clay,  and  silt,  which  have  been  brought  in  by  tributaries,  being 
spread  for  the  most  part  somewhat  evenly  along  these  valleys  by  their 
floods.  The  changes  produced  by  this  postglacial  sedimentation  have 
been  pointed  out  and  ably  discussed  by  General  G.  K.  Warren,  who  thus 
added  much  to  our  knowledge  of  the  geologic  history  of  these  rivers. 
Lakes  Traverse,  Big  Stone,  and  Lac  Qui  Parle  occupy  hollows  in  the 
outlet  of  lake  Agassiz  due  to  inequalities  of  these  recent  deposits.  At 
the  mouth  of  the  Minnesota  river,  the  Mississippi  has  brought  more  sed- 
iment than  its  branch,  which  is  thus  dammed  for  a  distance  of  30  miles, 
to  Little  Rapids,  with  a  depth  of  20  to  25  feet  at  low  water.  In  the  same 
way  the  Mississippi  valley  at  the  mouth  of  the  Saint  Croix  has  become 
more  filled  by  postglacial  deposits  than  its  tributary,  which  is  thus  held 
as  back-water  20  miles,  to  the  head  of  lake  Saint  Croix,  which  is  25  feet 
de^p. 

Lake  Pepin,  having  a  depth  of  about  60  feet,  according  to  General 
Warren,  lies  in  the  continuation  of  the  valley  which  was  deeply  chan- 
neled by  the  outflow  from  these  glacial  lakes,  because  it  has  become 
unequally  filled  belowby  the  deposition  of  alluvium  from  the  Chippewa 
river.  The  depths  of  lakes  Saint  Croix  and  Pepin,  however,  are  only  a 
partial  measure  of  the  channeling  of  the  Saint  Croix  and  Mississippi 
rivers  during  and  shortly  after  the  departure  of  the  ice  sheet.  The 
greatest  depth  of  the  Saint  Croix  river,  stated  by  Dr  Berkey  to  be  160 
feet  near  Angle  Rock  of  the  Upper  Dalles,  was  worn  down  probably  by 
the  river  when  it  flowed,  at  the  end  of  the  Ice  age,  along  all  its  lower 
course,  like  the  lower  part  of  the  Minnesota  river  and  the  Mississippi 
thence  southward  as  well,  about  100  to  150  feet  beneath  the  present 
river  bed. 

Preglacial  river  erosion  in  the  great  valleys  had  reached  far  below  their 
present  depths,  and  additional  deepening  may  have  occurred  during  the 
early  and  greater  part  of  the  Ice  age  for  the  Mississippi  in  the  Wisconsin 
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driftless  area  and  during  the  long  interglacial  Btage  for  the  more  northern 
valleys.  Epeirogenic  depression  in  the  lowan  stage,  and  the  consequent 
melting  of  the  ice-sheet,  continuing  in  the  Wisconsin  stage  and  setting 
free  the  abundant  englacial  drift,  caused  these  valleys  to  be  deeply  tilled 
by  the  deposits  of  the  river  floods.  But  soon  these  deposits  were  in  turn 
deeply  eroded  by  the  rivers,  especially  where  they  were  outlets  of  glacial 
lakes ;  and  during  the  postglacial  period  they  have  been  partly  refilled, 
forming  the  lakes  through  which  the  Minnesota,  Saint  Croix,  and  Missis* 
gippi  rivers  flow.* 

Summary  op  the  Grojjoqjc  History  op  the  Saint  Croix  Dalles 

1.  The  earliest  geologic  events  directly  concerned  in  making  the  grand 
scenery  of  the  Saint  Croix  Dalles  were  the  eruption  of  lavas  and  their 
subsequent  erosion  to  form  steep  ridges. 

2.  Against  and  on  these  trap  formations,  submerged  under  the  Cam- 
brian ocean,  were  deposited  beds  of  sandstone  and  shale,  which  still  have 
nearly  their  original  horizontal  position,  and  which  contain  shells  and 
impressions  of  brachiopods  and  trilobites.  The  very  valuable  early  geo* 
logic  explorations  and  report  of  David  Dale  Owen  erred  in  assigning  the 
trap  rocks  to  eruptions  bursting  through  the  Cambrian  strata.  Instead, 
the  more  thorough  investigations  of  the  Wisconsin  and  Minnesota  geo- 
logical surveys  have  ascertained  that  the  trap  rocks  are  the  older.  Both 
belong  in  the  far  distant  geologic  past,  variously  estimated  by  Dana, 
Walcott,  and  others  to  be  some  fifty  or  more  million  years  old. 

3.  Many  geologic  periods  rolled  away,  until,  after  having  been  long  a 
land  area,  the  western  three-fourths  or  perhaps  more  nearly  all  of  Minne- 
sota was  depressed  beneath  the  sea  during  the  later  half  of  the  Cretaceous 
period. 

4.  Through  the  next  ensuing  Tertiary  era,  probably  comprising  some 
three  to  five  million  y.ears,  this  region  was  again  a  land  surface,  and  has 
continued  so  onward  through  the  comparatively  short  Quaternary  era, 
of  probably  200,000  years,  to  the  present  time,  excepting  that  during  the 
Glacial  period  it  was  covered  by  the  ice-sheet.  Two  entirely  distinct 
Tertiary  rivers  drained  the  present  Saint  Croix  basin. 

5.  The  obstructions  of  the  ice-sheet  during  the  Buchanan  and  Wis- 
consin stages  of  the  Glacial  period  caused  the  Tertiary  or  preglacial 

♦Compare  roy  paper,  "  The  Minnesota  valley  in  the  Ice  age,"  Proc.  Am.  Assoc.  Adv.  Scl.,  vol.  32, 
for  the  year  l»i3,  pp.  213-231,  noting  alluvial  deposits  in  a  well  at  Belle  Plaine,  150  feet  below  the 
present  river,  and  the  record  of  a  well  at  Lake  City,  Minn.,  on  lake  Pepin,  which  penetrated  beds 
of  stratified  clay  and  of  gravel  and  sand,  the  modified  drift  swept  into  the  Mississippi  valley  dur- 
ing the  final  recession  of  the  ice-sheet,  to  the  bed-rock  about  170  feet  below  the  level  of  the  lake 
(Minn.  Geol.  Survey,  Thirteenth  Annual  Report,  for  1884,  p.  58;  Final  Report,  vol.  2, 1888,  p.  17). 
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Saint  Croix  river  to  become  joined  with  the  Tertiary  Apple  river.  The 
Saint  Croix,  nearly  as  it  exists  at  the  present  day,  was  thus  an  inherit- 
ance from  the  Ice  age,  beginning  as  an  interglacial  river  perhaps  some 
40,000  years  ago,  and  again, during  the  final  retreat  of  the  ice-sheet,  which 
here,  according  to  estimates  by  Professor  N.  H.  Winchell  from  the  rate 
of  recession  of  the  falls  of  Saint  Anthony,  was  about  8,000  years  ago. 

• 

6.  The  erosion  of  the  valley  at  the  Dalles  and  for  several  miles  from 
these  gorges,  both  up  and  down  the  river,  seems  attributable  in  large 
part  to  preglacial  streams  flowing  in  opposite  directions  from  a  col  of  the 
Tertiary  and  early  Quaternary  watershed.  These  stream  courses  were 
made  continuous  by  the  interglacial  Saint  Croix.  The  gorge  of  the  Upper 
Dalles  has  undergone  further  changes  by  late  Glacial  and  postglacial 
stream  erosion.  Its  walls  have  been  much  riven  since  the  Ice  age  along 
the  vertical  joint  planes,  but  they  have  suffered  only  very  slight  disin- 
tegration and  decay  through  weathering. 

7.  Lakes  Saint  Croix  and  Pepin,  besides  Lac  Qui  Parle  and  Big  Stone 
and  Traverse  lakes,  are  due  to  geologically  recent  and  still  progressing 
deposition  of  alluvium  in  these  valleys,  which  were  deeply  eroded  by 
the  outflow  from  the  Western  Superior  glacial  lake  and  from  lake 
Agassiz.  The  latest  and  present  work  of  the  Saint  Croix  river  in  both 
the  Upper  and  Lower  Dalles  is  to  maintain  very  deep  water  there,  due 
to  the  strong  eroding  current  of  the  stream  in  times  of  flood,  washing 
away  the  sand  and  gravel  of  its  bed  in  these  exceptionally  narrow  parts 
of  the  channel. 

This  paper  attempts  to  give  the  broad  outlines  of  the  history  of  the 
Saint  Croix  river,  and  especially  of  its  Upper  and  Lower  Dalles,  well 
known  through  these  two  states  for  their  beautiful  and  even  grand 
scenery.  Other  parts  of  the  details  of  erosion  in  and  near  the  Dalles 
remain  for  description  and  explanation  in  the  following  paper.  To 
most  visitors  in  the  Interstate  park,  its  peculiar  rock  sculpture  to  be 
next  considered  appears  more  singular  and  marvelous  than  the  craggy 
gorges  of  the  Dalles,  the  deep  river,  or  the  echoes  from  its  cliffs. 
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Introduction 


The  most  interesting  feature  of  the  Interstate  park  of  Minnesota  and 
Wisconsin,  at  the  Upper  Dalles  of  the  Saint  Croix  river,  consists  in 
many  large  and  small  water-worn  rock  potholes,  which  are  also,  in  their 
large  examples,  often  called  "  wells.*'  The  languages  of  Germany, 
Sweden,  and  Norway  give  the  name  ** giants'  kettles"  to  such  cylindric 
or  caldron-shaped  holes  of  stream  erosion,  which  are  everywhere  char* 
acteristic  of  waterfalls  and  rapids,  especially  in  crystalline  rocks.  Their 
Spanish  name,  remolino,  used  in  the  Republic  of  Colombia,  has  been 
recently  advocated  by  Mr  Oscar  H.  Hershey  for  adoption  by  geologists ;  * 

*  Science,  new  series,  vol.  10,  p.  58,  Jaly  14, 1899,  followed  by  remarkR  of  criticism  or  approyal  by 
others  on  pages  88, 187,  and  298  of  the  same  volume. 
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but  either  the  common  English  term, potholes,  or  the  German  and  Scan- 
dinavian designation,  apparently  allading  to  mythical  giants,  seems 
preferable. 

These  potholes,  occurring  most  numerously  near  the  steamboat  land- 
ing of  Taylors  Falls,  Minnesota,  at  the  central  part  of  the  Upper  Dalles, 
and  within  a  distance  of  50  rods  northward,  are  unsurpassed  by  any 
other  known  locality  in  respect  to  their  variety  of  forms  and  grouping, 
their  great  number,  the  extraordinary  irregularity  of  contour  of  the 
much  jointed  diabase  in  which  they  are  eroded,  and  the  difficulty  of 
explanation  of  the  conditions  of  their  origin. 

In  view  of  the  late  Glacial  confluence  of  ice  currents  there,  known  by 
the  occurrence  of  drift  on  all  the  country  eastward  derived  from  the 
northeast  and  largely  from  the  basin  of  lake  Superior,  while  all  the 
region  westward  is  enveloped  by  drift  from  the  northwest,  with  gravel 
and  large  masses  of  limestone  from  Manitoba,  it  is  evident  that  the  sur- 
face of  the  ice-sheet  at  its  time  of  departure  sloped  downward  from  each 
side  toward  this  area.  The  superficial  line  of  boundary  between  the 
northeastern  and  northwestern  drift,  mapped  for  the  Saint  Croix  Dalles 
area  by  Doctor  Charles  P.  Berkey,*  passes  from  south  to  north  in  coin- 
cidence with  this  part  of  the  Saint  Croix  river.  Beneath  the  ice-sheet 
during  its  later  accumulation  here,  after  the  Buchanan  interglacial  stage, 
a  subglacial  brook  flowed  in  the  summers  along  the  course  of  the  inter- 
glacial Saint  Croix.  It  probably  ceased  while  the  ice  of  that  time  at- 
tained its  greatest  area,  depositing  the  lUinoian  and  lowan  drift;  but 
when  the  ice  was  finally  melting  away,  remaining  here  with  only  a  depth 
of  a  few  hundred  feet,  the  same  subglacial  stream  course  doubtless  re- 
ceived torrents  plunging  vertically  down  through  crevasses  and  moulins. 
Such  glacial  waterfalls  and  the  subglacial  streams  flowing  rapidly  away 
to  a  more  deeply  channeled  avenue  of  discharge  southward  along  the 
valley  seem  to  have  been  the  chief  agencies  of  erosion  of  the  potholes  in 
the  Interstate  park  and  its  vicinity. 

A  consideration  of  the  diverse  classes  of  streams  which  are  capable  of 
eroding  potholes  shows  two  modes  of  their  origin  dependent  on  glacia- 
tion.  The  purpose  of  this  paper  is  to  describe  these  "  giants'  kettles  " 
at  the  Dalles  and  elsewhere  near  Taylors  Falls,  Minnesota ;  to  compare 
with  these,  for  aid  in  their  explanation,  other  examples  of  their  kind  in 
many  localities  of  North  America  and  Europe,  which  are  unquestionably 
of  subglacial  origin ;  to  inquire  what  conditions  were  necessary  for  this 
result,  and  in  what  parts  of  a  stage  of  glaciation  they  were  apt  to  occur ; 

*Am.  Geologist,  vol.  20,  pp.  355-369,  with  maps  and  sections,  December,  1897.  Compare  my  paper, 
*'  Changes  of  currents  of  the  ice  of  the  last  Glacial  epoch  in  eastern  Minnesota,*'  Proo.  Am.  As.«oc. 
AdT.  Sci.,  vol.  32,  for  1883,  pp.  231-234,  and  Geology  of  Minn.,  Final  Report,  vol.  2, 1888,  pp.  409-417. 
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and  to  ascertain  the  relations  of  the  glacial  torrents  forming  potholes 
with  the  larger  glacial  brooks  and  rivers  that  produced  kames  and  eskers. 

Classification  of  Rock  Potholes  or  Giantb'  Kettles 
potholes  op  subabrial  watbrpall8  and  rapids 

In  all  parts  of  the  world  the  falls  of  rivers  in  cascades  or  rapids  over 
granitic  or  other  hard  and  enduring  rocks  wear  portions  of  their  rock 
bed  into  beautifully  smoothed  and  gracefully  or  often  fantastically 
curved  forms,  among  which  are  frequently  found  bowl-like  or  cylindric 
holes.  These  range  in  dimensions  from  a  diameter  of  a  foot  or  less  up 
to  10  or  15  feet  or  rarely  more,  with  an  equal  or  often  greater  depth. 

In  a  few  places  such  abundantly  water-worn  rocks,  with  potholes,  are 
found  where  no  stream  now  flows  nor  has  existed  since  a  lake  hemmed 
in  by  the  barrier  of  the  departing  ice-sheet  had  its  outlet  there,  flowing 
over  a  col  of  the  present  watershed  between  independent  hydrographic 
basins.  This  is  one  mode  of  stream  action  forming  giants'  kettles  due 
to  the  Glacial  period ;  but  these  kettles  are  not  filled  or  covered  by 
glacial  drift. 

Good  examples  of  this  class  occur  in  New  Hampshire  at  two  localities 
where  the  watershed  dividing  the  Merrimack  and  Connecticut  River 
basins  is  crossed  by  railroads.  The  more  northern  and  lower  place,  at 
Orange  summit  of  the  Northern  railroad,  had  numerous  potholes,  some 
of  which  were  partly  and  others  entirely  blasted  away  for  the  passage 
of  the  railroad.  The  most  remarkable  one,  known  as  *'  The  Well,"  was 
described  by  Jackson  as  11  feet  deep,  4i  feet  in  diameter  at  the  top,  and 
2  feet  at  the  bottom.  It  contained  earth  and  round  stones.  Another 
locality  of  the  same  character  is  also  reported  by  Jackson  in  Warwick, 
Massachusetts,  "  on  the  southern  declivity  of  a  bare  ledge  of  gneiss 
forming  the  dividing  ridge  between  the  Ashuelot  and  Millers  rivers."^ 

GIANTS'  KETTLES  OP  MOULINS  AND  SUBOLACIAL  STREAMS 

The  class  of  potholes  more  particularly  considered  in  this  paper  de- 
pended directly  on  glacial  action.  They  may  be  called,  by  way  of  dis- 
tinction from  those  of  subaerial  streams,  glacial  potholes ;  or  perhaps, 
by  usage  among  geologists,  the  German  and  Scandinavian  term,  giants' 
kettles,  may  be  restricted  to  this  class  of  holes,  bored  in  the  bed-rock 
beneath  glaciers  or  an  ice-sheet  by  torrents  of  water  falling  through  deep 
moulins.    This  name,  moulin,  coming  from  the  French  and  meaning  a 

*C.  T.  Jackson  :  Pinal  Report  on  the  Geology  of  New  Hampshire,  1844,  pp.  113, 114, 282.    Warren 
Dpham,  in  Hitobeoclc's  Oeology  of  New  Hampshire,  vol.  3, 1878,  pp.  64-66. 
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mill,  is  applied  to  a  vertical  tunnel,  melted  at  first  by  the  waters  of  the 
surface  trickling  into  some  very  narrow  crevasse  that  has  just  begun  to 
open,  until,  after  enlargement  by  this  dissolving  action,  it  receives  some- 
times a  large  stream,  such  as  could  not  be  waded,  pouring  with  a  thun- 
derous roar  down  a  cylindric  shaft  to  the  rock  floor  under  the  ice.  But 
the  streams  that  bored  these  potholes  or  giants'  kettles  were  very  small, 
and  were  only  very  scantily  drift-laden,  in  comparison  with  the  glacial 
rivers  which  formed  the  great  esker  ridges. 

Rock  exposures  adjoining  glacial  potholes  are  often  unmarked  by 
other  waterwearing ;  but  in  every  present  stream   having  falls  and 
eroding  potholes,  larger  spaces  are  irregularly  worn  and  channeled. 
The  rock  kettles  of  moulin  formation,  found  where  no  stream  now 
exists  nor  can  be  supposed  to  have  ever  flowed  except  when  the  coun- 
try was  ice-enveloped,  are  the  predominant  or  the  only  form  of  water 
erosion  in  their  vicinity ;  but  at  the  falls  of  ordinary  streams,  potholes 
are  exceptional  or  a  subordinate  feature  among  more  extensive  grooving 
and  other  fantastically  waterworn  sculpture.    It  is  evident,  too,  that 
glacial  planation,  ensuing  after  the  moulin  origin  of  the  giants'  kettles, 
although  probably  in  many  places  eflfective  to  intensify  this  contrast, 
can  not  generally  be  its  chief  explanation,  which  is  rather  to  be  found 
in  the  protection  aflforded  by  the  ice  covering  the  rook  contiguous  to  the 
base  of  the  moulin.     The  rebounding  water,  indeed,  welling  up  from 
one  side  of  the  rock  kettle,  may  perhaps  have  usually  flowed  away,  for 
its  immediate  exit,  in  an  englacial  tunnel,  or  at  least  with  some  drift 
between  it  and  the  rock.    The  conditions  of  erosion  of  the  giants'  kettles 
prevented  or  minimized  contiguous  waterwearing,  which,  on  the  other 
hand,  is  favored  and  predominant  wherever  potholes  are  made  by  sub- 
aerial  streams. 

Another  way  in  which  subglacial  streams  probably  sometimes  or  often 
acted  to  erode  potholes  has  been  pointed  out  by  Mr  T.  T.  Bouve  *  and 
Professor  George  H.  Stone,t  who  well  remark  that  the  subglacial  waters, 
after  falling  down  the  crevasses  and  moulin  shafts,  would  flow  rapidly 
away  upon  the  surface  of  the  bed-rock,  and  there  might  sweep  past  the 
mouths  of  potholes  during  the  process  of  their  erosion,  supplying  all  the 
current  needed  for  their  further  deepening  by  the  whirl  thus  given  to 
the  water  and  stones  at  the  bottom.  For  the  largest  and  deepest  of  the 
giants'  kettles,  however,  to  be  here  noted  as  discovered  in  many  localities 
of  glaciated  countries,  I  can  not  doubt  that  the  pothole  was  cut  down 

♦  "  Indian  potholes,  or  giants'  kettles  of  foreign  writers,"  Proc.  Boston  Society  of  Natural  Hib- 
tory,  vol.  24,  pp.  219-226,  April,  1889,  with  ensuing  diseiission  by  Warren  Upham,  pp.  226-228. 

t" Glacial  gravels  of  Maine  and  their  associated  deposits,*'  U.  S.  Geol.  Survey,  Monograph  3-1, 
1899,  pp.  324-;«0. 


THE   INTERSTATE   PARK,  TAYLORS   FALLS,   MINNESOTA  29 

exactly  at  the  foot  of  a  great  and  very  deep  moalin  by  ita  powerful 
descending  torrent. 

Potholes  of  subglacial  erosion,  whether  bored  just  beneath  a  moulin 
or  in  or  beside  the  pathway  of  a  rapid  stream  flowing  from  it,  may  sub- 
sequently have  become  partly  or  wholly  filled  by  till,  the  direct  deposit 
of  the  ice-sheet,  unmodified  by  water  action,  or  such  potholes  may  be 
completely  concealed  under  a  later  general  sheet  of  glacial  drifl.  On 
the  other  hand,  too,  they  may  remain  nearly  or  quite  empty,  having  been 
80  left,  without  drift  accumulation,  while  the  overlying  ice  disappeared. 

Localities  of  Subglacial  Potholes 
interstate  park  of  the  saint  croix  dalles 

The  northern  part  of  this  park  and  the  adjoining  southern  part  of  the 
town  of  Taylors  Falls  are  mapped  on  plate  1.  .  The  potholes  are  mostly 
on  the  western  or  Minnesota  side  of  the  Saint  Croix,  occurring  plentifully 
on  certain  areas  between  Trap  Rock  street  (the  road  to  the  steamer  land- 
ing) and  the  river.  These  areas  of  their  abundant  development  are 
comprised  within  a  length  of  50  rods  from  north  to  south  and  about 
12  to  15  rods  from  east  to  west.  With  other  tracts  where  single  examples 
or  a  few  occur,  as  west  of  this  street,  again  on  the  Wisconsin  side  of  the 
river,  and  again  on  a  low  rock  hill  in  the  valley  about  a  mile  north  of 
Taylors  Falls,  not  less  than  a  hundred  potholes  are  known  in  this  vicinity. 
Many  of  them,  however,  are  small,  as  a  foot  or  less  in  diameter  and  one 
to  five  feet  deep.  The  greater  number  were  originally  left  empty,  or 
with  only  a  partial  filling  of  rounded  grinding  stones,  silt,  mud,  or  peat, 
differing  much  in  their  contents.  Others,  mostly  of  small  size,  were 
found  completely  filled,  and  some  were  covered  and  hidden  by  a  hard 
deposit  of  glacial  drift,  almost  typical  till. 

The  chief  area  of  large  potholes,  worthy  to  be  called  giants'  kettles, 
reaches  from  the  steamboat  wharf  about  15  rods  east-northeastward  to 
Angle  rock  and  about  20  rods  northward,  comprising  only  an  acre  and 
a  half,  within  which  space  are  all  the  very  large  and  deep  potholes  known 
in  the  entire  district.  Counting  the  small  and  large  holes,  I  found  30 
on  that  area,  including  several  so  remarkable  for  their  great  diameter 
or  depth,  unusual  form,  or  contents  that  they  deserve  to  be  separately 
described.  The  rock,  like  that  of  all  the  places  having  potholes  in  and 
near  the  Interstate  park,  is  the  very  hard  diabase  trap  of  Keweenawan 
age,  which  here  forms  extensive  outcrops,  every  where  much  divided  by 
vertical  and  oblique  systems  of  joints.  Under  the  glacial  and  river  ero- 
sion there  has  resulted  a  very  ruggedly  broken  surface  of  rock  cliffs  and 
dells.     Little  or  no  drift  and  only  few  boulders  have  been  left  on  the  rock 
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tracts.  Some  of  the  potholes  are  on  the  slopes  and  tops  of  low  cliffs,  5 
to  20  feet  above  adjoining  hollows.  The  height  above  the  almost  still 
river  in  the  adjoining  Dalles  varies  from  25  to  50  or  60  feet,  rising  highest 
northward. 

In  general,  the  rock  surface  has  angularly  broken  slopes  and  clifis, 
more  or  less  glaciated,  but  since  so  weathered  that  the  glacial  strise  are 
effaced.  Occasionally  a  little  place,  10,  20,  or  50  feet  in  extent,  is 
smoothly  waterworn ;  but  more  commonly  the  surface  adjoining  the  pot- 
holes on  this  are&and  wherever  they  occur  in  this  neighborhood,  except- 
ing in  and  near  the  river  channel  at  the  Saint  Croix  rapids,  is  roughly 
fractured  or  has  been  abraded  only  by  the  ice-sheet.  The  rim  of  the 
potholes,  of  whatever  size,  is  usually  abrupt,  not  merging  with  water- 
worn  curving  outlines  of  the  adjacent  rock,  as  at  subaerial  rapids  and 
falls  of  our  present  rivers. 

The  giants^  kettle  of  greatest  diameter,  which  may  be  named  ^'  the  cal- 
dron," is  situated  about  30  feet  northeast  from  the  east  end  of  the  wharf 
and  25  feet  above  the  river.  It  is  nearly  circular,  25  by  27  feet  in  trans- 
verse diameters.  Its  sides  descend  vertically  8  to  12  feet,  below  which 
depth  this  kettle  is  filled  with  many  angular  rock  masses  from  1  to  5  feet 
long.  Some  of  these  may  have  been  dislodged  by  frost  action  from  a 
much-jointed  cliff  which  rises  at  the  northeastern  brink  of  the  kettle  to 
a  height  of  10  feet  above  other  parts  of  its  rim.  More  probably,  how- 
ever, as  in  the  case  of  the  only  other  pothole  observed  to  be  similarly 
almost  filled  by  rock  masses,  they  are  attributable  to  falls  through  the 
moulin,  having  previously  been  contained  in  the  lower  part  of  the  ice- 
sheet  as  englacial  drift. 

Near  the  northern  end  of  this  area  and  6  feet  northwest  of  a  foot-bridge, 
the  most  northwestern  bl  a  series  of  bridges  which  span  little  gorges  and 
lead  to  Angle  rock,  is  the  other  pothole  mentioned  for  its  contents  of 
rock  blocks  and  boulders.  Its  diameter  is  about  12  or  15  feet,  and  its 
depth,  to  be  proportionate,  should  reach  far  below  the  surface  of  the 
many  angular  trap  fragments,  up  to  3  or  4  feet  long,  which  fill  it  to 
within  4  feet  below  the  rim.  No  high  nor  fractured  rock  surface  adjoin- 
ing this  kettle  could  yield  its  contents,  which  must  therefore  have  come 
from  the  ice-sheet.  They  are  unworn  examples  of  the  rock  masses  which 
in  other  instances,  being  less  plentifully  supplied,  were  gyrated  in  the 
bottom  of  the  pothole  by  the  torrent,  wearing  it  deeper  and  grinding 
themselves  to  powder,  until  new  masses  of  rock,  falling  in,  took  their 
places  as  the  work  of  kettle  erosion  continued.  Two  very  large  kettles 
thus  appear  to  have  been  interrupted  in  their  formation  by  the  abun- 
dance of  their  supply  of  grinding  stones. 
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Honorable  George  H.  Hazzard,  the  Minnesota  commmissioner  of  the 
Interstate  park,  has  partially  cleared  and  sounded  a  very  deep  pothole 
situated  15  rods  north-northeast  of  the  wharf  and  about  5  rods  east  of 
the  road  (called  Trap  Rock  street  on  the  plat  of  Taylors  Falls).  The 
diameter  of  the  mouth  of  this  hole,  not  exactly  circular,  is  13  by  15  feet. 
Beneath  several  feet  of  water  it  was  found  filled  to  15  feet  below  its 
mouth  by  peat  and  decaying  leaves,  branches,  and  trunks  of  small 
trees,  but  with  no  sand  or  gravel.  By  bailing  out  the  water  and  exca- 
vating, the  workmen  went  to  the  depth  of  55  feet  below  the  mouth,  find- 
ing the  diameter  of  the  hole  undiminished  to  that  depth,  its  average 
being  from  10  to  15  feet,  with  vertical  cylindric  form.  A  pole  was  then 
thrust  10  feet  farther  down,  to  a  total  depth  of  65  feet,  without  reach- 
ing any  grinding  stones  such  as  are  almost  invariably  present  at  the 
bottom  of  these  holes.  The  mouth  being  about  40  feet  above  the  river, 
the  bottom  of  this  giants'  kettle  is  thus  ascertained  to  be  more  than.25 
feet  beneath  the  river  level.  The  ratio  of  its  diameter  to  its  depth  (so 
far  as  that  has  been  probed)  is  as  1  to  5,  showing  thus  a  similarity  with 
the  deep  cylindric  giants'  kettles  near  Christiania,  Norway,  but  having 
a  depth  that  exceeds  them  or  any  others  known  elsewhere. 

It  is  exceeded,  however,  by  its  very  close  neighbor  on  the  west,  an- 
other pothole  25  feet,  distant,  which  has  a  diameter  of  10  by  12  feet. 
This  hole,  filled  by  water  to  about  15  feet  below  its  top,  was  sounded 
in  the  year  1878  by  Dr  Greeley  Murdock,  who  since  1877  has  been  the 
principal  resident  physician  of  Taylors  Falls.  He  found  no  bottom  at 
the  depth  of  84  feet  below  the  top  of  the  rock  at  its  mouth.  It  was  an 
amusement  of  boys  to  thrust  down  tamarack  poles  30  feet  long  into  the 
water  of  this  pothole,  and  it  has  now  become  partly  filled  with  these 
poles  and  with  driftwood,  leaves,  etcetera,  that  have  been  washed  into 
it  from  a  little  marsh,  a  watercourse  in  times  of  river  floods,  adjoining 
it  on  the  north  and  west.  The  mouth  of  this  hole  is  mostly  about  35 
feel  above  the  river,  but  its  northeastern  third  falls  ofi"  8  or  10  feet — 
nearly  to  the  marsh  level.  On  the  west  the  higher  part  of  the  mouth 
or  rim  is  divided  by  only  5  or  6  feet  of  rock  from  a  vertical  descent  of 
12  feet  of  rock  face  or  cliff  bordering  the  marsh.  It  will  be  noticed 
that  the  ratio  of  the  diameter  to  the  known  depth  of  this  pothole  is  1  to 
7,  but  its  entire  depth  has  yet  to  be  determined.  It  is  known  to  extend 
about  50  feet  beneath  the  surface  of  the  river,  which  itself,  near  the  angle 
of  these  Upper  Dalles,  is  stated  by  Dr  C.  P.  Berkey  to  be  160  feet  deep.* 

At  a  distance  of  about  40  to  70  feet  northeast  of  '*  the  caldron,"  the 
southern  side  of  a  rock  knob  is  smoothly  waterworn  in  two  half  cylin- 

*Am.  Geologist,  vol.  20,  p.  379,  December,  1897. 
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dric,  vertical,  or  in  part  slightly  overhanging  surfaces,  as  if  halves  of 
two  very  large  potholes,  each  open  toward  the  south,  were  joined,  giving 
a  combined  diameter  of  30  feet  from  west  to  east.  The  curved  and 
cuspate  rock  face,  rising  15  to  20  feet,  from  about  30  to  45  or  50  feet 
above  the  river,  has  vari^ated  colors  in  different  parts — reddish  and 
black  (by  iron  and  manganese  stains),  a  dark  dull  green  (the  natural 
color  of  the  rock),  bright  yellow  (patches  of  lichens),  and,  in  some 
spots  and  streaks,  light  gray  or  even  white  (lichens,  and  efflorescence  of 
carbonate  of  lime  from  water  leaching  through  thin  drift  and  the  rock 
crevices).  On  account  of  their  smokelike  and  fiery  coloring,  these  halves 
of  giants*  kettles  are  called  "^  the  Saint  Croix  Fireplace."  For  the  ex- 
planation of  their  erosion  I  can  only  suggest  that  here,  as  in  places  of 
moulin  torrent  action  in  Massachusetts  and  New  York,  effective  erosion 
nearly  as  in  a  pothole  of  the  largest  size  took  place  on  a  mural  surface, 
with  only  ice,  as  we  must  suppose,  to  form  the  other  side  of  the  moulin. 
It  is 'quite  sure  that  they  were  worn  as  half-potholes  instead  of  having 
undergone  demolition  and  removal  of  the  wanting  part.  On  a  smaller 
scale  such  mural  s^ments  of  cylindric  water-wearing  are  seen  in  several 
other  places  within  this  little  area. 

Close  south  of  one  of  the  foot-bridges  leading  to  Angle  Rock  the  narrow 
gorge,  15  to  20  feet  deep,  which  the  bridge  spans,  is  enlarged,  nearly  like 
a  great  pothole  about  15  feet  in  diameter,  by  the  same  cylindric  water- 
wearing.  The  open  passage  of  the  gorge  leading  to  the  north  is  only  half 
as  wide,  with  roughly  firactured  walls  due  to  nearly  vertical  joint  planes. 
This  place  has  been  named  by  visitors  the  **  Devil's  Kitchen." 

Again,  a  curious  freak  of  the  water-wearing  is  displayed  by  the  '^  Bake 
Oven,"  a  pothole  6  by  7  feet  in  diameter  and.lO  to  15  feet  deep  from  its 
unequal  rim.  It  is  filled  lower  by  soil  and  earth,  forming  a  floor,  on  the 
continuation  of  which,  by  crouching,  one  may  pass  out  eastward  through 
an  opening,  waterworn  under  a  thick  roof  of  rock,  to  a  lower  space  ten 
or  15  feet  away.  Only  six  feet  of  rock  on  the  north  side  of  the  **  Bake 
Oven  "  separates  it  from  the  hole  that  was  excavated  and  probed  to  a 
depth  of  65  feet,  as  before  described. 

Among  the  smaller  potholes  of  this  most  interesting  area,  near  the 
wharf,  is  one  which  is  named  the  "  Hourglass  Well,"  situated  about  10 
feet  northwest  of  "  the  caldron."  Its  diameter  is  about  three  feet  at  the 
mouth,  and  somewhat  increases  to  the  de))th  of  3  or  4  feet ;  it  is  then 
constricted,  within  two  feet  lower,  to  a  diameter  of  only  18  inches,  but 
widens  again  below  to  nearly  three  feet,  the  bottom  being  about  eight 
feet  below  the  highest  part  of  the  mouth.  The  constriction  may  have 
been  due  to  a  harder  band  of  the  rock  which  comprises  successive  lava 
flows.    It  should  be  noted,  however,  that  a  similar  form  of  a  pothole  at 
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Gurley ville,  Connecticut,  described  by  Professor  B.  F.  Koons,*  seems  to 
have  been  caused  by  varying  conditions  of  erosion,  there  referable  to  a 
moulin  torrent,  rather  than  by  inequality  of  hardness  of  the  rock. 

In  a  few  instances  the  rock  wall  of  a  pothole  intersects  one,  two,  or 
three  smaller  potholes,  which  were  partly  worn  away  and  merged  with 
the  larger  one.  A  good  example  of  such  a  cpmpound  rock  kettle  is  sit- 
uated 5  to  10  feet  south  of  the  very  deep  kettle  sounded  by  Dr  Murdock, 
the  central  hole  there  being  five  feet  in  diameter,  with  truncated  holes 
1  to  1}  feet  in  diameter. 

With  the  large  giants'  kettles,  interspersed  upon  the  same  area,  are  a 
greater  number  of  others  that  measure  a  few  feet,  or  only  1  or  2  feet,  or 
even  less  than  1  foot,  in  diameter.  These  small  kettles  are  mostly  cylin- 
dric,  with  depths  ranging  commonly  from  twice  to  five  times  their  diam- 
eter; but  many  are  partially  filled  with  sand,  gravel,  and  rounded 
stones.  Rarely  a  pothole  displays  a  somewhat  spirally  grooved  form, 
sweeping  around  once,  or  nearly  so,  in  the  whole  descent,  due  appar- 
ently to  erosion  by  the  falling  stream  and  stones  after  the  hole  had  at- 
tained almost  its  full  depth. 

Farther  north  several  small  tracts,  varying  from  20  to  60  or  75  feet  in 
extent,  at  heights  of  50  to  70  feet  above  the  river,  including  the  highest 
part  of  the  rock  surface  between  Trap  Rock  street  and  the  river,  have 
many  small  potholes,  varying  from  3  or  4  feet  to  less  than  1  foot  in 
diameter,  occurring  mostly  in  groups  of  five  to  ten  near  together,  but 
occasionally  isolated.  About  forty  were  counted  by  me.  and  doubtless 
others  were  overlooked.  On  larger  tracts  of  the  adjoining  rock,  includ* 
ing  its  northeastern  slopes  toward  the  river,  potholes  are  rare  or  entirely 
absent. 

The  most  northern  group  is  on  a  rock  outcrop  about  6  rods  south  of 
the  northern  boundary  of  the  park.  Within  a  space  of  15  by  20  feet  on 
this  ledge  are  ten  small  potholes,  from  4  to  10  inches  in  diameter,  some 
of  them  cylindric,  but  others  shallow,  like  a  bowl/  Their  edges,  as  is 
usual  elsewhere,  are  mostly  cut  abruptly  into  the  rock,  with  sharp  transi- 
tion, at  right  angles,  from  the  general  rock  surface. 

The  other  potholes  of  this  vicinity  may  be  more  briefly  described. 
They  are  very  scantily  represented  east  of  the  river.  One  on  that  side, 
having  a  diameter  of  3  by  4  feet  at  its  mouth,  with  increase  to  4  by  5J 
feet  at  the  depth  of  5  feet,  below  which  it  is  filled  with  earth,  is  situated 
about  20  feet  northeast  from  the  top  of  the  head  of  the  "  Sentinel "  or 
"Old  Man  of  the  Dalles."  It  is  only  8  feet  back  from  the  verge  of  the 
clifi',  which  falls  about  65  feet  to  the  river. 

^Amer.  Jour.  Sci.,  third  series,  vol.  26,  p.  471,  June,  1883. 
VI— Bull.  Gboi..  Soc.  Am..  Vol.  12.  1900 
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Within  5  to  10  rods  west  of  Trap  Rock  street  and  at  the  height  of 
about  100  feet  abov^  the  river  several  potholes  from  1  foot  to  3  or  4  feet 
in  diameter,  originally  filled  with  drift,  have  been  recently  excavated 
under  Mr  Hazzard's  direction.  From  these  and  from  other  potholes  on 
their  chief  area  before  described  multitudes  of  very  smoothly  worn  stones 
have  been  taken,  varying  in  size  from  small  cobbles  to  nearly  spherical 
masses  2  feet  or  more  in  diameter,  while  others,  waterworn  on  all  sides, 
but  remaining  oblong,  measure  3  to  4  feet  in  length. 

On  the  higher  rock  outcrops  west  of  the  park  limits  no  potholes  have 
been  found.  My  search  on  the  extensive  tract  of  rock  at  and  near  the 
school-house,  200  feet  above  the  river,  detected  only  one  spot  definitely 
waterworn.  This  is  about  30  feet  west-northwest  of  the  United  States 
Geological  Survey  bench-mark  of  leveling  (890  feet  above  the  sea).  It 
is  a  rounded  hollow,  about  a  foot  in  diameter,  smoothly  eroded  by  water 
to  a  depth  of  6  or  8  inches,  where  no  stream  can  have  flowed  since  the 
departure  of  the  ice-sheet. 

About  a  mile  north  of  all  these  localities  a  hill  of  the  same  trap  rock 
rises  between  the  railway  freight-house  of  Taylors  Falls  and  the  river, 
its  top  being  about  50  feet  above  the  end  of  the  railway,  or  110  feet, 
approximately,  above  the  river  in  the  Dalles.  Much  of  the  rock  surface 
on  this  hill  is  waterworn,  and  it  has  numerous  small  potholes,  scattered, 
probably  not  less  than  20  in  all,  mostly  from  6  to  12  inches  in  diameter 
and  about  one  foot  deep.  Two  others  of  similar  size  were  also  seen  on 
the  northeastern  slope  of  this  hill,  some  25  feet  below  its  top  and  close 
east  of  the  Saint  Croix  valley  road. 

In  many  other  localities  which  have  undergone  glaciation  potholes  are 
found  where  they  must  be  referred  to  moulin  torrents  and  subglacial 
streams.  Short  notes  of  these,  so  far  as  they  have  come  to  my  knowledge 
by  observations,  reading,  and  correspondence,  are  here  added,  that  they 
may  be  compared  with  the  foregoing  in  the  Interstate  park,  which  seem 
to  rhe  also  referable  to  this  phase  of  torrent  work  during  the  Ice  age. 

MAINE 

Professor  George  H.  Stone  describes  potholes  on  the  island  of  George- 
town, adjoining  the  east  side  of  the  mouth  of  the  Kennebec  river.*  One 
is  near  the  level  of  high  tide,  and  two  others  are  about  60  feet  above  the 
sea.  These  are  4  to  6  feet  in  diameter  and  5  to  10  feet  deep,  and  others 
of  smaller  size  occur  in  the  same  vicinity.  The  tomographic  relations 
show  that  no  stream  can  have  existed  there,  excepting  when  confined  in 


*  ••  The  glacial  gravels  of  Maine  and  their  associated  deposits,*'  U.  S.  Geol.  Survey,  Monograph 
34,  1899,  pp.  324-330. 
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an  ice  channel  or  tunnel.  As  it  is  known  that  the  land  there  at  the  time 
of  final  recession  of  the  ice-sheet  stood  about  230  feet  lower  than  now, 
the  pothole  erosion  seems  probably  referable  to  some  earlier  part  of  the 
Glacial  period,  before  the  continental  subsidence  restored  a  warm  climate 
on  the  boundary  of  the  ice  and  caused  it  to  be  melted  away. 

Another  pothole,  measuring  about  two  feet  in  both  diameter  and 
depth,  attributed  by  Professor  Stone  to  glacial  origin,  is  in  Paris,  Maine, 
on  the  side  of  a  cliff.  He  thinks  that  the  cliff  caused  a  crevasse,  into 
which  a  stream  fell  from  the  melting  ice  surface.* 

Mr  Charles  Fry,  of  Boston,  informs  me,  by  letter,  of  a  few  small  glacial 
potholes,  occurring  near  together,  about  a  foot  or  slightly  less  in  diam- 
eter and  of  nearly  the  same  depth,  observed  by  him  on  the  southeastern 
ridge  of  Green  mountain,  on  Mount  Desert  island,  at  a  height  between 
500  and  550  feet  above  the  sea. 

NEW  HAMPSHIRE 

i 

Professor  C.  H.  Hitchcock  notes  a  pothole,  4  feet  deep,  on  the  top  of 
Swetts  mountain ;  one  of  large  size  on  the  southwest  slope  of  Carrs 
mountain ;  and  another,  about  two  feet  in  diameter  and  depth,  in  Dun- 
barton,  125  feet  above  an  adjoining  valley.  Another,  described  from  my 
observations,  is  near  the  top  of  Beech  hill,  in  New  Hampton,  about  600 
feet  above  contiguous  lowlands  and  lakes.  This,  like  the  one  in  Dun- 
barton,  is  called  an  ''  Indian  mortar."  Its  diameter  is  15  inches  and  its 
depth  about  two  feet,  t 

Each  of  these  potholes  was  quite  certainly  of  subglacial  origin ;  and 
at  least  the  two  instances  on  or  near  the  tops  of  a  mountain  and  a  high 
hill  seem  explainable  only  by  a  torrent  impinging  on  the  rock  at  the 
bottom  of  a  moulin. 

VERMONT 

Doctor  Edward  Hitchcock  reported  potholes  at  numerous  localities  in 
Vermont,  far  above  any  present  stream,  and  in  several  instances  high 
on  the  slopes  or  ridges  of  mountains.  They  are  of  different  sizes,  up  to 
a  diameter  of  20  feet  and  depth  of  at  least  25  feet.  % 

MASSACHUSETTS 

On  the  seashore  in  Cohasset,  subglacial  potholes  have  been  described 
and  figured  by  Mr  T.  T,  Bouv6,  showing  vertical  water-wearing  to  depths 

W   I      ■  ■  -  J  ■   ■^'  ■         ■  '      ■    ■  ■      —  "  ■  I   -I   ■  -        I     ■      ■■  -  I—   ^  — - 1  II.  .        ■  ■      II     .  ■  ■   I   ■         ^ _HI 

«Ibid.,  pp.  327,  328. 

t  Geology  of  New  Hampshire,  vol.  3, 1878,  pp.  249,  250. 

J  Geology  of  Vermont,  1861,  pp.  210,  217,  703,  930,  933. 
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of  5  and  10  feet.  *  Only  one  side  of  these  holes  is  rock,  with  shallow 
rock  basins  at  the  bottom,  the  other  side  having  been  probably  the  ice- 
wall  of  the  moulins  through  which  the  eroding  torrents  fell.  Professor 
W.  O.  Crosby  has  also  described  this  locality,  referring  the  pothole  ero- 
sion to  the  closing  stage  of  the  Glacial  period.f  At  two  other  localities 
in  Cohasset,  Bouv6  and  Crosby  report  waterworn  places  on  rock  ledges 
where  their  origin  must  likewise  be  referred  to  a  moulin  or  a  subglacial 
stream. 

Professor  Crosby  further  supplies  me  the  following  notes,  in  a  letter, 
concerning  several  localities  of  glacial  potholes  in  Massachusetts. 

At  East  Braintree  a  pothole,  doubtless  of  subglacial  formation,  was 
discovered  in  excavating  for  a  foundation,  and  later  was  destroyed  by 
blasting.  It  was  about  12  feet  long,  3  to  6  feet  wide,  and  3  feet  deep, 
shaped  somewhat  like  a  bathtub,  but  opening  outward  at  one  end,  its 
smoothed  sides  there  blending  gradually  with  the  irregular  surface  of 
the  rock. 

At  Newton  Upper  Falls,  on  the  abrupt  southern  slope  of  a  high  ledge 
of  conglomerate,  is  a  very  distinct  half  of  a  pothole,  some  2 J  to  3  feet 
in  diameter  and  6  or  8  feet  deep,  to  speak  from  memory.  The  appear- 
ance suggests  at  first  that  the  southern  half  may  have  been  split  off  by 
the  action  of  the  ice  and  the  edges  subsequently  rounded  ;  or  possibly 
the  pothole  was  formed  between  the  rock  on  one  side  and  the  ice  on  the 
other.  At  the  bottom  the  waterworn  surface  curves  and  runs  off  hori- 
zontally along  the  face  of  the  ledge  for  several  feet,  gradually  fading  out. 

Several  small  and  large  glacial  potholes,  up  to  8  or  10  feet  in  diameter, 
are  worn  in  granite  ledges  close  to  the  Fitchburg  railroad  between 
Roberts  and  Stony  Brook  stations.  They  are  nearly  filled  with  drift, 
and  their  depth  therefore  cannot  be  stated. 

In  the  village  of  Clinton,  a  very  perfect,  but  small,  glacial  pothole, 
about  1  foot  in  diameter  and  2  feet  deep,  ia  eroded  in  a  beautifully 
glaciated  slate  ledge. 

During  the  work  on  the  Wachusett  reservoir,  at  a  point  about  a  mile 
southwest  of  Clinton,  two  potholes  were  temporarily  exposed  last  sum- 
mer on  the  lee  slope  of  a  prominent  ledge  of  contorted  phyllite,  which 
rises  above  the  surface  of  a  widely  extended  glacial  sand  plain.  They 
were  I  to  2  feet  in  diameter  and  of  corresponding  depths. 

At  West  Berlin  station  are  several  smair  potholes,  which  Professor 
Crosby  attributes  to  erosion  by  the  outlet  stream  of  the  glacial  lake 

♦  "Indian  potholes,  or  giants'  kettles  of  foreign  writor?*,"  Pro<\  Boston  800.  Nat.  Hist.,  toI. 
24,  1889,  pp.  219-226;  with  di«cussion  by  Warren  Upham,  pp.  220-22S. 

t" Geology  of  the  Boston  Basin"  (Occasional  Papers  of  the  Boston  Soc.  Nat.  Hist.,  iv),  vol.  1, 
1893,  pp.  148-159. 
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Nashua,  formed  in  the  basin  of  the  Nashua  river  by  the  barrier  of  the 
departing  ice-sheet.* 

CONNECTICUT 

At  Gurleyville,  on  the  east  side  of  the  Fenton  river,  a  group  of  glacial 
potholes,  at  the  height  of  98  feet  above  the  river  and  42  feet  above  the 
highest  terraces  of  valley  drift  in  the  vicinity,  is  described  by  Professor 
B.  F.  Koons,  before  cited.  The  one  which  remains  entire,  on  being 
cleared  from  its  contents  of  water  and  stones,  was  found  to  be  6i  feet 
deep,  with  a  shorter  diameter  at  the  surface  of  3  feet  and  9  inches  and  a 
longer  diameter  of  4  feet  and  3  inches.  The  author  notes  its  unusual 
form,  somewhat  like  an  hourglass,  and  its  relationship  to  the  group  as 
follows : 

*'  About  2  feet  above  the  bottom  the  diameter  is  reduced  to  about  30  inches,  and 
then  widens  again  below  this  point,  leaving  a  horizontal  ring  at  the  narrow  place. 
What  can  have  been  the  cause  of  the  forming  of  the  ring  at  this  point  is  not  entirely 
evident  If  the  rock  were  horizontal,  it  would  seem  that  a  hard  layer  in  the  rather 
nniform  gneiss  would  a(x;ount  for  it;  but,  since  the  rock  dips  at  an  angle  of  about 
30  degrees  and  this  projecting  ring  is  horizontal  and  only  a  couple  of  inches  thick, 
I  find  myself  at  a  loss  for  an  entirely  satisfactory  answer. 

"This  pothole  is  near  the  edge  of  the  cliff,  and  the  remnants  of  three  others 
appear  upon  the  face  of  it,  and  one  of  these  three  ahows  a  diameter  of  9  feet  and 
a  depth  of  6.  All  are  within  a  few  feet  of  each  other,  a  couple  of  them  separated 
by  a  thin  partition  only."t 

Professor  James  D.  Dana  mentioned  the  occurrence  of  potholes  in  the 
gneiss  of  islands  off  the  Connecticut  coast  and  others  on  Thimble  island, 
in  the  bay  of  Stony  creek.J 

NEW  YORK 

The  earliest  published  information,  so  far  as  I  have  learned,  of  potholes 
in  America  attributable  to.  moulin  torrents  was  given  by  Doctor  Ebenezer 
Emmons,  in  1842,  describing  and  picturing  a  very  large  pothole  in  Ant- 
werp, Jefferson  county.  New  York,  and  noting  others  near  Hammond, 
in  Saint  Lawrence  county.  The  Antwerp  pothole  is  about  three-fourths 
of  a  mile  south  of  Oxbow  village,  and  has  a  height  of  about  100  feet  or 
more  above  the  Oswegatchie  river,  which  bends  in  its  course  at  Oxbow, 
thus  giving  the  name  of  that  village.  Only  one  side  of  this  pothole  re- 
mains. Very  probably,  as  at  other  places  already  mentioned,  only  half 
of  it  was  worn  in  the  rock,  the  other  half  having  been  the  ice  of  a 
moulin.    The  hole  is  from  24  to  30  feet  deep,  with  a  diameter  of  12  feet 

•  "Geological  History  of  the  Nashua  Valley  during  the  Tertiary  and  Quaternary  Periods,"  Tech- 
nology Quarterly,  vol.  12,  December,  1899,  p.  318. 
t  Amer.  Jour.  Sci.,  third  series,  vol.  25,  June,  188:1,  p.  471. 
t  Maaaal  of  Geology,  fourth  edition,  1895,  p.  949. 
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in  its  npper  part  and  14  feet  below.  On  a  later  page  of  the  same  report, 
in  a  discnssion  of  the  drift  and  striation  of  the  northeastern  part  of  this 
state,  Emmons  wrote  of  '^  the  numerous  potholes  in  ledges  of  rock  now 
distant  from  any  stream  and  far  above  all  the  creeks  in  the  r^on/'* 

In -southeastern  New  York  potholes  which  may  be  of  glacial  origin 
have  been  described  by  Doctor  N.  L.  Britton  in  the  Bronx  valley,  2  to  3 
miles  north  of  Williams  Bridge,  two  having  depths  respectively  of  about 
9  and  10  feet,t  and  others  were  noticed  by  Professor  Oliver  P.  Hubbard 
in  the  Hudson  valley,  opposite  to  the  town  of  CatskilLJ 

PENNSYLVANIA 

The  most  remarkable  known  of  these  giants^  kettles,  whether  we  con- 
sider their  size  or  the  manner  of  their  occurrence  and  discovery,  are  two 
found  in  1884  and  1885  in  Lackawanna  county,  Pennsylvania,  about 
three  miles  northwest  of  Archbald.  As  described  by  Mr  C.  A.  Ashburner, 
the  Archbald  potholes  are  1,000  feet  apart  and  were  both  discovered  in 
coal  mining,  their  bottoms  being  in  the  coal  bed.  When  the  drift  filling 
the  one  first  discovered  was  cleared  out,  it  was  found  to  be  38  feet  deep, 
with  a  diameter  of  about  15  feet  at  the  bottom,  increasing  to  a  maximum 
of  42  feet  and  a  minimum  of  24  feet  across  its  top.  The  second  pothole, 
of  similar  basal  diameter  in  the  coal  bed,  had  not^been  cleared  of  its 
drift  contents,  but  it  is  known,  from  the  leveling  and  test-pits  or  borings 
of  the  mining  company,  to  have  a  depth  of  about  50  feet  in  the  rock, 
with  a  covering  of  15  feet  of  drift  above.§ 

IDAHO         • 

A  very  interesting  series  of  glacial  gravel  deposits  in  north  central 
Idaho,  resting  along  a  part  of  its  course  on  a  rock  bed  that  is  much 
waterworn  and  marked  by  potholes,  is  described  by  Professor  George  H. 
Stone.  It  is  a  short  distance  south  of  Elk  City,  on  head  streams  of  the 
south  fork  of  the  Clearwater  river.  The  area  was  covered  during  a  part 
of  the  Glacial  period  by  a  piedmont  ice-sheet  or  broad  glacier,  deploy- 
ing westward  from  the  Bitter  Root  mountain  range,  nearly  as  the  present 
Malaspina  ice-sheet  of  Alaska  is  spread  out  between  Mount  Saint  Elias 
and  the  sea.  These  gravel  deposits  belong  in  the  same  class  with  the 
prolonged  series  of  esker  or  osar  ridges  and  gravel  plains  which  are  so 
grandly  developed  in  Maine  and  in  Sweden,  and  of  which  occasional 
examples  occur  also,  although  of  less  extent,  in  nearly  all  broadly  gla- 

♦  Geology  of  New  York,  purt  ii,  survey  of  the  second  geological  district,  1842,  pp.  410,  411,  424. 

t  Tranj".  N.  Y.  .\oad.  Sci.,  vol.  1,  1882,  pp.  181-183 ;  .\mer.  Jour.  Sci.,  third  series,  vol.  25,  p.  158,  Feb- 
ruary, 1>*83. 

X  Trans.  N.  Y.  .\cad.  Sci.,  vol.  9,  1890,  p.  3. 

I  Geol.  Survey  of  Pa.,  Annual  Report  for  1885,  pp.  615-625,  with  a  map,  sections,  and  two  plate« 
(views  from  photographs  of  the  first  pothole  when  cleared  out  for  use  as  an  air  shaft). 
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ciaied  districts.  Beneath  the  ice- walled  esker  river  the  bed  rock  was 
worn  and  sculptured  with  hollows  and  giants'  kettles.  Of  the  locality 
where  this  has  been  made  known  by  gold  mining,  Professor  Stone  writes 
as  follows : 

..."  On  the  hills  between  Red  Horse  and  American  rivers  the  placer  miners 
have  washed  away  the  overlying  g^ravel.  The  rock  beneath  the  gravel  is  very 
mach  smoothed  and  polished,  but  is  very  uneven,  containing  many  rounded  de- 
preasions,  bowls,  and  potholes  up  to  five  feet  in  depth.  Evidently  here  was  a 
broad  river  that  flowed  up  and  over  bills  and  valleys.  That  it  disre^rded  the 
sarface  forms  of  the  land  proves  that  it  was  enclosed  between  walls  of  ice.  The 
stratification  is  not  arched  in  cross-section  like  that  of  the  osar  proper,  but  is  hori- 
zontal, like  the  deposit  I  have  elsewhere  described  as  the  osar  plains  of  Maine."* 

NORWAY  AND  SWEDEN 

Giants'  kettles  referable  to  moulin  waterfalls  and  subglacial  stream 
erosion  are  known  at  many  localities  in  Norway  and  Sweden,  according 
to  S.  A.  Sexe,  Brogger  and  Reusch,  Baron  Gerard  De  Geer,  and  others. 

In  the  close  vicinity  of  Christiania  numerous  giants'  kettles  have  been 
discovered  and  cleared  of  the, glacial  drift  and  water-rounded  stones 
which  filled  them.  The  locality  of  greatest  interest  is  Kongshavn,  a 
southeastern  suburb  on  the  shore  of  the  Christiania  Qord,  where,  between 
the  lines  of  low  and  high  tide,  a  glacial  pothole  eroded  in  gneiss  was 
found,  on  the  removal  of  its  drift  contents,  to  be  16  feet  deep,  with  a 
diameter  of  5  feet.  Another  pothole,  from  which  the  drift  was  excavated 
under  Professor  Kjerulfs  direction,  measures  34  feet  in  depth  on  one  side 
and  44  feet  on  its  higher  side,  having  a  nearly  cylindric  but  somewhat 
spiral  or  rifle-like  form,  8  to  12  feet  in  diameter.  The  altitude  of  its 
mouth  is  90  feet  above  the  sea.t 

Taking  up  the  question  of  the  probable  epoch  or  stage  of  the  Ice  age 
in  which  the  Christiania  giants'  kettles  were  eroded,  we  are  confronted 
by  the  occurrence  of  marine  shorelines  and  shells  in  deposits  overlying 
the  glacial  drift,  which  demonstrate  that  during  the  time  of  the  glacial 
recession  there  the  land  was  depressed  about  600  feet  below  its  present 
height.  It  is  impossible  to  ascribe  the  moulins  and  potholes  to  torrential 
agency  so  far  beneath  the  sealevel,  and  consequently  they  must  belong 
at  Christiania  to  the  earlier  time  of  high  land  elevation  and  snow  and 
ice  accumulation. 

TBE  GLACIER  GARDEN,  LUCERNE 

Excavation  in  the  glacial  drift  for  a  cellar,  in  the  year  1872,  first  re- 
vealed a  part  of  the  very  admirable  group  of  giants'  kettles  which  is  now 

*  Amer.  J  oar.  Sci.,  fourth  serioB,  vol.  9,  pp.  9-12,  January,  1900. 

t  **Gl«nt0*  kettles  at  Christiania,"  by  W.  C.  BrOsKer  and  H.  H.  Reusch,  in  Quart.  Jour.  Geol.  Soc, 
London,  toI.  30. 1874,  pp.  750-771. 
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one  of  the  chief  attractions  of  sight-seers  in  Lucerne,  Switzerland.  This 
town,  visited  by  the  writer  in  1897,  is  in  many  respects  the  moat  fascinat- 
ing one  for  tourists  in  the  Alps,  and  the  most  convenient  for  many  neigh- 
boring excursions,  as  to  mounts  Rigi  and  Pilatus,  and  the  sail  on  the 
wildly  picturesque  and  historic  Lake  of  the  Four  Forest  Cantons.  The 
Glacier  garden,  containing  the  giants'  kettles,  is  about  100  feet  above 
the  lake,  and  is  only  a  few  steps  from  the  Lion  monument,  designed  by 
Thorvaldsen,  which  was  chiseled  from  the  solid  rock  fifty  years  earlier 
(in  1821).  Thirty-two  potholes  of  moulin  torrent  erosion  are  counted 
in  the  garden,  occurring  Irregularly  grouped  upon  a  remarkably  furrowed, 
waterworn,  and  glacially  striated  rock  area  about  eight  rods  long  and 
four  rods  wide,  which  was  originally  so  drift-covered  that  its  wonderful 
torrential  and  glacial  sculpture  was  concealed.  The  covering  of  soil  and 
drift  has  been  removed  since  1872,  and  many  rounded  stones,  which 
served  as  grinders  rapidly  whirled  around  by  the  falling  waters,  from 
those  of  small  size  up  to  others  of  huge  dimension,  five  feet  or  more  in 
diameter,  have  been  removed  with  the  gravel,  sand,  and  clay  that  filled 
these  rock  kettles. 

The  largest  pothole  of  Lucerne,  on  the  northwest  border  of  the  group, 
has  a  diameter  of  26  feet  and  depth  of  31  feet.  Its  southern  side  over- 
hangs, probably  because  the  northwardly  flowing  current  of  the  over- 
lying glacier  carried  the  moulin  slightly  forward  while  the  rock  erosion 
was  taking  place.  The  movement  was  least  at  the  base  of  the  glacier, 
and  increased  differentially  upward.  The  moulin  therefore  became  in- 
clined, and  discharged  its  torrent  somewhat  backwardly  into  the  rock 
kettle,  hollowing  it  thus  with  an  overhanging  wall.  The  same  feature 
is  observable  in  others  of  these  potholes,  and  several  of  them  display 
spiral  wearing.  In  some  instances  the  potholes  have  irregular  and 
composite  forms,  showing  apparently  that  successive  and  independent 
moulins,  probably  of  different  years,  contributed  to  their  erosion.  They 
range  in  size  from  the  largest  to  others  9  or  10  feet  deep  and  4  or  5  feet 
in  diameter,  and  to  small  cylindric  or  hemispherical  kettles  only  1  or  2 
feet  deep. 

It  is  also  to  be  noted  that  the  rock  at  two  or  three  places  is  waterworn 
in  broad  and  somewhat  crooked  grooves,  varying  in  depth  to  6  or  7  feet, 
and  extending  20  or  30  feet  in  length,  where  the  moulin  torrent  was  less 
concentrated  and  more  variable  than  usual ;  or,  more  probably,  these 
grooves  may  have  been  made  by  a  very  inclined  and  powerful  englacial 
and  subglacial  stream  there  impinging  on  the  rock  floor.  Perpendicu- 
lar potholes  of  the  usual  form,  but  of  small  size,  occur  occasionally  in 
the  grooves.  It  is  especially  noteworthy,  both  here  and  in  other  local- 
ities of  Europe  and  America,  that  generally  the  edge  or  lip  of  the  giants' 
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kettles,  whether  large  or  small,  is  abruptly  cut  in  the  rock  surface,  per- 
haps sometimes  because  of  their  partial  removal  by  glaciation  subse- 
quent to  the  moulin  erosion.  They  seldom  have  a  flaringly  curved 
mouth,  such  as  more  frequently  characterizes  potholes  seen  at  the  pres- 
ent time  in  the  process  of  erosion  by  cascades  in  brooks  and  rivers. 

Conditions  of  Erosion  op  Giants'  Kettles 

According  to  these  observations  and  records  of  glacial  potholes  in 
their  bes^  known  localities  on  two  continents,  it  seems  to  me  most  prob- 
able that  the  time  of  their  excavation  in  many  cases  was  the  early  part 
of  the  Glacial  period,  or  some  stage  of  glacial  extension,  when  the  ice- 
sheet  was  being  formed  upon  the  land  by  snowfall.  On  anyliilly  coun- 
try the  ice  must  have  attained  an  average  depth  somewhat  exceeding 
the  altitude  of  the  hills  above  the  adjoining  lowlands  before  any  general 
motion  of  the  ice-sheet  could  begin.  During  the  process  of  slow  accu- 
mulation of  the  ice-sheet,  the  summer  melting  upon  its  n6v6  surface 
would  produce  multitudes  of  rills,  rivulets,  and  brooks,  which  might 
unite  into  a  large  stream ;  and  this,  pouring  through  a  crevasse  and 
melting  out  a  cylindric  moulin,  might  fall  perhaps  100  or  200  feet  or 
more  on  a  moderately  hilly  region,  but  probably  sometimes  500  feet  or 
more  on  a  mountainous  district,  while  yet  the  ice  motion,  though  suf- 
ficient to  permit  the  formation  of  the  crevasse,  might  not  have  gained 
a  definite  current  to  carry  the  crevasse,  moulin,  and  waterfall  away  from 
the  spot  where  they  were  first  formed.  We  may  thus  explain  the  con- 
tinuation of  a  glacial  waterfall  in  one  place  while  it  was  excavating  one 
of  these  giants'  kettles. 

After  the  ice-sheet  acquired  a  current  because  of  the  greater  thickness 
and  pressure  of  its  mass,  such  deep  cylindric  excavations  in  the  bed  rock 
could  not  be  made,  because  the  ice  and  moulin  were  in  motion ;  and 
during  the  final  dissolution  of  the  ice-sheet  it  seems  probable  that  its 
receding  border  had  generally  steeper  gradients  and  consequently  even 
more  rapid  motion  than  during  the  culmination  of  the  Glacial  period. 

Moreover,  the  streams  formed  on  the  surface  of  the  ice-sheet  by  the 
summer  melting  before  it  was  so  thick  as  to  have  motion  would  be  free 
from  drift  or  any  load,  excepting  what  might  be  derived  from  projecting 
hills  or  mountains,  so  that  their  waters  could  readily  find  a  way  through 
crevasses,  forming  potholes  in  the  rock  beneath  by  means  of  detached 
blocks  from  the  same  rock  bed,  and  thence  flowing  away  in  subglacial 
courses.  On  the  contrary,  the  superglacial  streams  during  the  departure 
of  the  ice,  which  then  became  more  or  less  covered  with  the  previously 
englacial  drift,  laid  bare  by  ablation,  were  heavily  freighted  with  the 

VII— Bull.  Obol.  Soc.  Am.,  Vol.  12,  1900 
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gravel,  sand,  and  clay  of  the  modified  drift,  which  must  have  soon 
choked  up  the  passages  wherever  these  drift-laden  streams  found  cre- 
vasses, causing  them  to  flow  in  superficial  channels  walled  and  under- 
lain by  ice,  until,  near  their  mouths,  the  ice  was  melted  through  to  the 
ground  and  kames  and  eskers  there  received  the  coarser  part  of  the 
river's  burden. 

In  some  places,  however,  we  may  better  ascribe  the  moulin  torrents 
forming  giants'  kettles  to  the  closing  stage  of  glaciation,  at  the  time  of 
final  melting  of  that  part  of  the  ice  sheet,  because  this  appears  to  be 
strongly  indicated  by  a  general  lack  of  drift  deposits  to  fill  the  potholes, 
as  in  the  Interstate  park,  most  particularly  described  in  this  paper.  If 
we  can  affirm  for  such  tracts  of  the  ice  margin,  while  it  was  finally  melt- 
ing away,  a  nearly  or  quite  stagnant  condition,  allowing  a  moulin  to 
remain  without  advance  during  a  series  of  years,  it  seems  to  account  for 
these  deep  but  mainly  empty  potholes  more  satisfactorily.  Therefore  I 
am  inclined  to  refer  the  giants'  kettles  of  this  park  in  the  Saint  Croix 
valley  to  the  latest  recession  of  the  ice-sheet  from  this  area. 

The  rock  gorges  of  the  Ijower  and  Upper  Dalles  seem  to  me,  as  noted 
in  the  preceding  paper,  to  have  been  eroded  by  the  river,  even  to  a  great 
depth  beneath  its  present  level,  during  the  long  Buchanan  interglacial 
stage  or  epoch  of  the  Ice  age.  At  the  same  time  a  wide  reach  of  the 
valley,  now  partly  occupied  by  Thaxter  lake,  was  eroded  between  these 
narrow  gorges,  and  a  gradually  descending  ravine  was  channeled  at  the 
east  side  of  the  Upper  Dalles,  slightly  nor  th  of  the  angle. 

During  the  later  and  long  envelopment  of  this  area  for  a  second  time 
by  ice,  drift  may  have  been  deposited  in  this  valley,  on  an  average,  to 
a  nearly  similar  amount  as  on  the  adjoining  higher  ground— that  is,  to 
depths  of  10  to  20  feet,  more  or  less — but  its  scantiness  on  the  trap  out- 
crops, and  the  many  empty  potholes,  suggest  that  there  very  little  drift 
had  accumulated.  When  the  ice  was  melted  back  so  far  as  to  leave  the 
valley  open  above  the  Upper  Dalles,  its  next  mile  northward  to  the 
Saint  Croix  rapids  became  filled,  to  the  height  of  about  60  feet  above 
the  present  river,  by  a  sand  and  gravel  plain,  now  forming  a  terrace  on 
each  side,  and  in  part,  especially  on  the  east,  by  coarse  boulder  drift. 
Upon  these  deposits  the  river  ran  during  many  years,  smoothly  wearing 
the  boulders  of  its  bed,  which,  as  the  river  cut  down  its  central  channel 
to  the  present  level,  have  fallen  in  great  numbers  from  the  upper  part 
of  the  river  bank  to  the  water's  edge. 

Glacial  Streams  of  Giants'  Kettles  and  Eskers  compared 

The  rate  of  erosion  of  the  giants'  kettles,  referred  in  most  localities  to 
a  stage  of  incipient  glaciation,  and  the  rate  of  formation  of  kame  knolls 
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and  hills  and  esker  ridges  during  the  wane  of  an  ice-sheet,  were  surpris- 
ingly rapid,  in  comparison  with  the  generally  very  slow  rates  of  geologic 
action.  Watch  the  artificial  processes  of  granite  and  marble  abrasion 
and  polishing,  and  there  will  be  no  need  to  doubt  that  the  largest  rock 
kettle  of  the  Interstate  park,  of  Archbald,  Christiania,  or  Lucerne  could 
be  hollowed  out  during  the  warm  months  of  even  a  single  year  by  a 
stream  20  or  50  feet  wide,  and  2, 3,  or  5  feet  deep,  falling  down  a  moulin 
200  or  500  feet  deep,  and  well  supplied  at  the  bottom  with  grinding 
boulders  of  granite  and  other  very  hard  rocks.  Crevasses  and  moulins 
would  be  formed  in  successive  years  at  nearly  the  same  situation,  thus 
producing  such  a  profusely  kettled  surface  as  in  the  Interstate  park  or 
the  Glacier  garden. 

Although  we  have  been  able  to  cite  many  localities  of  giants'  kettles 
due  to  moulins  and  their  waterfalls,  they  are  far  exceeded  in  numbers  by 
the  gravel  and  sand  deposits  called  kames  and  eskers,  which  are  attrib- 
utable mostly  to  larger  glacial  streams.  From  my  observation,  it  seems 
clearly  within  the  limits  of  truth  to  estimate  that  we  have  records  of 
hundreds  of  kame  and  esker  streams  for  every  one  that  is  known  to 
have  formed  a  giants'  kettle  by  plunging  down  a  moulin  or  by  flowing 
in  any  cascade  or  rapid  along  its  subglacial  passage. 

If  the  retreat  of  the  icefields  under  ablation  was  so  rapid  as  a  tenth 
of  a  mile  yearly,  which  was  apparently  its  rate  near  Stockholm,  accord- 
ing to  observations  by  De  Geer,  or  about  half  a  mile  each  year  during 
centuries,  as  was  probably  true  of  the  area  of  the  glacial  lake  Agassiz 
and  the  vast  plains  of  the  Saskatchewan  and  Winnipeg  country,  we  can 
not  doubt  that  the  most  massive  esker  ridges,  as  in  Sweden,  or  in  Maine, 
and  the  highest  kame  hills,  as  the  Devil's  Heart  hill,  175  feet  high,  in 
North  Dakota,  could  be  formed  within  a  few  years  for  any  single  section, 
or  perhaps  even  within  one  summer  for  the  great  kame  mentioned. 
Some  of  these  gravel-depositing  rivers,  as  shown  by  the  widths  of  esker 
ridges  and  plateaus,  ^re  two  to  five  or  ten  times  larger  than  those  of 
the  moulins  and  rock  kettles. 

The  streams  flowing  in  the  summers  from  the  border  of  the  ice-sheet 
were  doubtless  of  larger  size  and  greater  numbers  during  the  final  dis- 
appearance of  the  ice,  when  they  formed  the  kames  and  eskers,  than  at 
any  previous  stage  of  the  Glacial  period.  Many  of  the  giants'  kettles, 
if  not  all,  are  clearly  referable  to  an  early  or  intermediate  stage.  For 
example,  they  are  found  in  Maine  and  in  Scandinavia  on  coastal  tracts 
that  were  depressed  and  submerged  beneath  the  sea  to  the  depths  of 
hundreds  of  feet  when  the  ice  was  finally  melted  away,  as  is  demon- 
strated by  the  relations  of  the  glacial  drift  and  the  oveylying  marine 
deposits,  which  contain  molluscan  shells  such  as  now  exist  only  in  the 
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cold  waters  adjoining  glaciers  in  the  arctic  regions.  As  erosion  of  the 
bed  rock  cannot  be  supposed  to  have  occurred  at  the  bottom  of  a  moulin 
extending  so  far  below  the  sealevel,  we  are  compelled  to  ascribe  these 
glacial  potholes,  some  of  them  small  and  others  of  great  diameter  and 
very  deep,  to  some  earlier  part  of  the  Ice  age.  I  have  thought  them 
referable  to  the  time  of  great  continental  uplift,  proved  by  submerged 
valleys,  when  a  severely  wintry  and  snowy  climate,  resulting  from  the 
high  land  elevation,  caused  these  great  areas  to  become  first  enveloped 
by  ice-sheets.  Afterward,  wherever  glaciation  was  interrupted  and 
again  renewed,  previous  to  the  general  subsidence  of  the  land  which 
tenninated  the  Glacial  period^  moulin  torrents  might  erode  potholes 
during  the  later  stage  of  snow  and  ice  accumulation.  Near  the  coast 
and  at  low  levels  they  would  lie  under  the  sea  during  the  departure  of 
the  ice-sheet,  and  the  washing  of  sea  waves  may  in  some  instances  have 
removed  the  drift  with  which  they  had  been  filled. 

While  it  is  most  probable  that  in  some  localities,  as  the  Interstate 
park,  giants'  kettles  originated  during  the  final  retreat  of  the  ice,  they 
seem  predominantly  referable  to  the  beginning  of  glaciation  or  to  a  stage 
of  its  renewal.  In  many  places,  therefore,  the  bed  rock  containing  them 
would  be  deeply  worn  away  by  ensuing  glacial  erosion,  the  potholes 
being  spared  only  where  they  were  protected  by  deposits  of  drift  or 
where  the  rock  was  little  worn  by  the  later  glaciation.  According  to 
this  view,  the  infrequence  of  discoveries  of  these  records  of  moulin  water- 
falls has  been  due  to  their  present  concealment  by  drift  and  elsewhere 
to  their  erasure  by  glacial  planation  of  the  bed  rock.  Kamesand  eskers, 
on  the  other  hand,  belonging  to  the  time  of  glacial  recession  and  to  the 
surface  of  the  drift,  have  been  abundantly  preserved,  testifying  of  the 
formation  of  more  numerous  and  larger  streams  fed  by  the  glacial  abla- 
tion and  rains  and  carrying  much  sand  and  waterworn  gravel. 
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History  of  the  Eruption 

The  volcanic  phenomena  observed  on  Hawaii  and  described  in  this 
paper  relate  to  the  recent  eruption  from  Mauna  Loa  and  the  presence  of 
ash  beds. 

On  June  20, 1899,  a  very  distinct  earthquake  shock  was  felt  at  Wailiilii, 
my  temporary  residence,  23  miles  from  Hilo,  8  from  Kilauea,  and  24  in 
a  right  line  from  the  place  of  outburst.  It  was  at  7.40  p.  m.,  and  lasted 
about  a  quarter  of  a  minute.  At  about  the  same  hour  two  shocks  were 
observed  at  Hilo,  one  of  them  quite  severe.  None  were  noticed  at  the 
Volcano  house  by  Kilauea,  which  is  18  mile^  from  the  place  of  outburst. 
A  few  days  later  another  shock  was  felt ;  also  on  July  11,  and  perhaps 
later.  It  is  natural  to  believe  that  these  earthquakes  had  a  direct  con- 
nection with  the  eruption,  especially  as  they  were  particularly  manifested 
along  a  supposed  axial  line  of  lava  accumulation. 
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On  the  first*  day  of  July  the  manager  of  the  Egan  coffee  plantation, 
21  miles  from  Hilo,  saw  a  light  above  the  top  of  Mauna  Loa,  or  the  pit 
Mokuaweoweo.  On  the  morning  of  July  4  this  light  was  quite  con- 
spicuous from  both  Hilo  and  Punaluu.  Early  July  5  there  came  an  out- 
burst of  liquid  lava  from  a  point  in  the  ridge  6  miles  northeasterly  from 
Mokuaweoweo  and  30  from  Hilo.  It  was  best  seen  at  Kilauea.  The 
people  there  had  been  expecting  an  eruption  in  their  own  volcano ;  hence 
when  early  in  the  morning  they  heard  a  great  noise  like  thunder  and 
observed  a  flash  of  light  they  looked  to  see  commotion  in  Kilauea.  In 
this  they  were  disappointed,  and,  looking  in  a  contrary  direction,  saw 
the  beginning  of  the  flow  of  1899  from  Mauna  Loa.  Fountains  of  liquid 
fire  spouted  hundreds  of  feet  high,  at  an  elevation  of  about  11,000  feet 
above  the  sea.  The  place  of  discharge  proved  to  be  near  to  but  higher 
than  the  source  of  the  flow  of  1880,  and  not  far  away  from  the  terminal 
cones  of  the  discharges  of  1823,  1843,  1852,  and  1855. 

Parties  commenced  immediately  to  travel  to  the  source  of  the  flow, 
contrary  to  the  report  sent  east  by  the  press  that  people  were  fleeing  for 
their  lives,  abandoning  their  plantations  to  the  fiery  flood.  Citations 
will  be  made  from  the  accounts  given  by  Professor  Edgar  Wood,*  C.  W. 
Baldwin,t  Professor  A.  B.  Ingalls,t  and  the  Honorable  VV.  R.  Castle,§  the 
dates  of  their  visits  having  been  July  11,  12,  13,  and  16,  respectively.  I 
visited  the  place  of  the  outbreak  in  1883,  and  speak  of  it  in  my  notes  as  a 
region  of  indescribably  rough  lava,  both  "  aa  "  and  *'  pahoehoe,"  black, 
yellowish,  and  brown.  Our  horses  were  left  some  distance  behind,  as  the 
blocks  of  lava  were  too  large  and  rough  to  be  comfortably  traversed  by 
them.  The  crater  of  the  Kau  part  of  the  1880  flow  was  a  mass  of  black 
and  red  lapilli.  The  adjacent  terminal  crater  at  the  head  of  the  Hilo 
stream  still  emitted  heat  and  vapor,  more  than  two  years  after  it  started. 
The  1899  flow  began  its  course  near  the  source  of  the  Hilo  stream  of  1880, 
and  more  than  two  miles  above  the  beginning  of  the  eruption  of  1852. 
By  July  5  two  fountains  were  in  operation,  at  about  11,000  and  10,800 
feet  elevation,  and  nearly  a  mile  apart.  A  week  later  the  upper  one  had 
become  only  a  smoky  chimney,  while  a  third  cone  was  active  near  the 
second.  The  lava  streams  from  the  two  openings  united  and  then  flowed 
northerly,  directed  toward  Mauna  Kea.  Plate  2  represents  the  aspect  of 
the  cone  and  flow  as  photographed  by  Davey  July  13,  1899.  Masses  of 
stones  and  clots  of  lava  were  seen  to  be  thrown  out  with  th^  liquid  lava. 
C.  H.  Kluegel,  chief  engineer  of  the  Oahu  Railway  Company,  drew  a 
rough  sketch  of  the  cone,  with  its  discharge,  estimating  the  stream  to  be 
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60  feet  wide,  the  fall  80  feet  in  the  first  400  feet  of  descent,  the  velocity 
40  feet  per  second,  and  the  depth  10  feet.  "  There  is  a  continuous  and 
somewhat  regular  How  of  lava,  with  explosions  at  intervals  of  one-half  to 
one-eighth  second.  The  lava  is  thrown  up  almost  continuously  150  feet 
and  occasionally  250  feet  high,"  says  Kluegel.  For  several  days,  when 
the  air  was  free  from  clouds,  the  fountains  of  lava  were  beautifully  ex- 
hibited from  the  Volcano  house  both  day  and  night.  The  fountain  con- 
stantly shifted  its  position,  and  when  nearest  the  edge  of  the  cone  the 
falling  clots  resembled  spangles  of  gold  in  the  night-time.  Plate  3  is  a 
reproduction  of  this  scene,  July  16,  as  painted  by  the  artist,  D.  Howard 
Hitchcock.  Plate  4  shows  the  condition  of  things  on  July  19,  as  photo-, 
graphed  by  C.  C.  Iw«angill,  whose  camera  was  evidently  situated  on  the 
third  cone,  the  one  shown  on  the  left  of  the  principal  vent  in  plate  2.  It 
proves,  like  plate  3,  the  ejection  of  stones  and  vapors  from  the  orifice. 

Professor  Wood's  Observations 

Of  the  appearances  July  11  Professor  Wood  writes  thus: 

"There  were  two  principal  live  cones,  one  much  more  active  than  the  other. 
Great  masses  of  rock  at  a  white  heat  were  beinsf  hurled  high  into  the  air.  These 
were  probably  pieces  of  the  crater  wall.  Sometimes  quantities  of  molten  lava  were 
blown  out;  at  other  times  a  mixed  material  in  which  there  was  a  great  deal  of 
salphur.  This  molten  matter  would  sometimes  be  thrown  to  the  height  of  200 
feet.  Almost  continuously  it  went  higher  than  100  feet.  This  process  was  goin^i: 
on  with  almost  no  interruption,  while  at  intervals  great  volumes  of  smoke  poured 
forth  from  the  edges  of  the  crater.  The  principal  cone  was  about  150  feet  Jiigh  on 
the^orth  side. .  The  other  sides  were  considembly  lower.  A  deep  crack  between 
30  and  40  feet  wide  ran  oflf  in  an  easterly  direction.  The  cone  itself  was  nearly,  if 
not  altogether,  200  feet  across  the  top,  filled  with  lava  at  a  white  heat,  never  still, 
ever  leaping,  sometimes  higher,  sometimes  lower,  ever  falling  back  upon  itself  or 
spilling  in  flakes  over  the  side  of  the  cone.  Explosions  were  numerous,  almost 
continuous,  while  all  the  time  the  rushing,  roaring  sound  of  the  flre  fountains 
filled  the  air.  Wonderful  as  was  this  sight,  the  view  of  the  river  of  fire  was  not 
less  so.  It  rushed  througli»the  opening  at  the  speed  of  a  race-horse,  and,  plunging 
over  a  fall  of  perhaps  15  or  20  feet,  went  madly  through  a  deep  channel  down  the 
side  of  the  mountain.  It  rushed  along  with  such  force  that  the  surface  was 
marked  with  undulations  like  the  waves  of  the  sea." 

C.  W.  Baldwin's  Observations 

The  visit  of  the  brothers  C.  W.  and  E.  D.  Baldwin  followed  that  of 
Professor  Wood,  not  far  from  the  12th  of  July.  From  a  prolonged  sketch 
the  following  items  are  gathered :  The  whole  region  about  the  active 
cone  was  a  tough  network  of  new  flows,  and  they  appeared  to  have  gone 
in  every  direction.    The  sounds  increased  as  we  came  nearer,  but  they 
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were  only  such  as  would  come  from  a  violently  tossing  mass  of  \\*\ 
matter.  They  did  not  notice  the  explotsions  that  were  re{iorted  hi 
The  third  cone  is  only  a  stone^s  throw  from  the  latest  active  one. 
lava  which  was  thrown  into  the  air  went  up  in  a  red-hot  mass,  hut  tui 
black  as  it  fell.  Pumice  was  noted  among  the  products  of  the  erupt 
There  were  two  or  three  light  earthquake  shocks  when  the  flow  stop] 

Professor  Ingalls'  Observations 

Professor  A.  B.  Ingalls  reached  the  eruptive  cones  by  way  of  Mol 
weoweo,  starting  from  Kona,  on  the  west  side  of  Hawaii.  The  n 
was  more  difficult  than  the  approach  from  the  Kau  side.  He  found 
upper  cone  to  be  '*  merely  a  smoldering  heap,  while  the  lower  and 
ther  one  was  the  real  fountain-like  crater."  .  .  .  The  upper 
^*  had  the  shape  of  a  truncated  cone,  with  a  deep  gash  on  the  upper  ^ 
in  which  we  could  plainly  see  hot  rock.  From  this  vent,  as  well  as  f 
the  top  of  the  cone,  great  volumes  of  sulphurous  steam  poured  fc 
The  trade-wind  carried  these  fumes  over  the  southwest  side,  compel 
us  to  pass  along  to  the  north  and  east  of  this  pile  on  our  way  dowi 
the  spouting  crater."  On  the  north  there  was  a  deep  layer  of  spo 
like  pumice,  which  impeded  progress,  like  deep  sand.  The  lava 
flowed  down  as  ''  aa,"  and  the  same  clinker  material  filled  the  re^ 
between  the  cones.  **  The  display  was  a  continuous  lava  fountain  ^^ 
out  cessation.  Rocks  were  ever  rising  from  or  falling  back  into 
mighty  cauldron,  and  yet  the  shapes  of  the  pieces  and  the  general  st 
ture  and  outline  of  the  masses  as  they  stood  for  an  instant  before  c 
mencing  to  fall  back  into  the  seething  pit  Wiis  never  twice  alike ;  so  ^ 
the  clouds  of  vapor."  At  one  time  it  was  a  dome  pinnacled  by  a  coli 
of  flame :  at  another,  an  P]iffel  tower  stood  in  outline  for  an  instant 
then  fell  back  in  a  heap  of  ruins. 

On  the  return  Professor  Inealls  and  his  party  were  in  danger  of  b 
enveloped  in  and  strangled  by  the  sulphurous  fumes. 

Statemknts  by  W.  R.  Castle 

The  estimates  given  by  the  Honorable  W.  R.  Castle  agree  with  t 
already  quoted.  At  night  an  occasional  heavy  thud  gave  evident 
the  proximity  of  a  live  volcano.     He  says : 

**  The  cone  is  probably  250  or  300  feet  across  the  top,  and  is  filled  with  a  res 
surging  inann  of  white-liot  lava,  always  leaping  into  the  air,  sometimes  rising 
height  of  200  feet.  Explosions  are  continuous.  Now  and  then  a  heavy  vo 
of  white  smoke  is  literally  shot  into  the  air.    It  is  always  rising  and  rolling  a 
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covering  the  island  with  a  thin,  vapor-like  pall."  ..."  In  two  seconds  an 
acre  of  ground  would  be  covered  a  foot  deep  with  lava."  ..."  Stalactites 
formed  before  the  rush  wholly  dropped,  and  in  a  moment  they  could  be  seen 
hanging  from  the  roof,  still  dripping,  but  all  bent  downstream." 

Flows  along  a  Ridqe 

The  1899  and  older  flows  started  from  near  the  crest  of  a  ridge  or  water- 
shed and  extend  from  the  summit  northeasterly,  including  Puu  ula  ula 
and  Kulani.  The  points  of  eruption  are  so  near  the  crest  that  a  slight 
change  in  its  position  will  cause  the  lava  to  flow  toward  the  north  (Kea) 
or  toward  the  south  (Kau).  The  1899  flow  was  thought  at  one  time  to 
be  moving  south,  but  it  finally  discharged  north. 

The  flow  of  1880  moved  in  three  directions — first,  toward  Mauna  Kea 
for  about  three  weeks ;  second,  starting  a  mile  lower  down  the  ridge, 
directed  toward  Kau  for  IQ  miles,  averaging  a  mile  in  width ;  third, 
commencing  half  a  mile  still  lower  down,  moving  first  toward  Kea  and 
then  sweeping  around  to  the  right  toward  Hilo,  a  distance  of  46  miles. 

The  1899  flow  continued  to  run  till  July  26,  having  a  length  of  15  miles 
and  a  width  of  about  a  mile  along  its  lower  courae.  It  consisted  chiefly 
of "  aa." 

Fissures 

Extensive  fissures  follow  the  crest  of  the  ridge,  from  one  or  more  of 
which  the  latest  discharges  have  proceeded.  Some  of  them  may  be  fol- 
lowed for  miles,  both  up  and  down,  but  none  have  been  reported  imme- 
diately adjacent  to  Mokuaweoweo.  Corresponding  crevices  have  been 
described  as  pointing  toward  the  summit  at  Waiohinu,  Kahuku,  Keala- 
kekua,  and  other  localities,  so  that  we  have  the  phenomenon  of  a  central 
elevated  pit  with  immense  fissures  directed  radially  from  it,  and  all  the 
eruptions  known  are  located  on  some  one  of  these  fissures. 

Atmospheric  Phenomena 

A  column  of  smoke  constantly  arose  from  the  points  of  ejection,  visible 
on  all  sides.  It  expanded  as  it  arose,  and  closely  resembled  the  so-called 
*'  pine  tree  "  shown  on  photographs  of  eruptions  from  Vesuvius.  The 
northeast  trade-wind  does  not  reach  the  altitude  of  the  outbursts ;  hence 
the  vapors  may  arise  vertically  and  be  spread  out  on  all  sides  like  an 
enormous  umbrella.  While  the  south  wind  blew  the  smoke  cloud 
reached  Honolulu,  on  Oahu,  200  miles  distant.  Some  people  observed 
a  distinctly  sulphurous  odor,  while  one  gentleman  asserts  that  he  had 
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been  distinctly  struck  in  the  face  by  particles  of  the  volcanic  dust. 
July  17  the  steamer  **  Mariposa  "  observed  this  smoke,  some  600  miles 
to  the  northeast.  Similarly  the  officers  of  the  "  Morning  Star  '*  found 
themselves  unable  to  take  the  customary  observations  for  latitude  at  an 
equally  great  distance  to  the  southwest.  The  diameter  of  the  area  ob- 
scured must  have  considerally  exceeded  1,200  miles,  as  the  observations 
reported  were  much  to  the  north  of  the  major  axis. 

It  was  also  interesting  to  observe  the  presence  of  an  enormous  cumulus 
cloud  directly  over  the  crater  of  Mokuaweoweo.  This  was  developed  by 
the  rising  of  heated  vapors  from  the  summit  crater  coming  in  contact 
with  a  cooler  atmosphere. 

Mokuaweoweo 

Plate  5  is  copied  from  photographs  taken  by  Davey  of  the  appearance 
of  the  pit  Mokuaweoweo  July  13.  Concerning  the  appearances  Professor 
Ingalls  writes : 

*'  The  floor  of  the  crater  was  of  black  lava,  to  all  appearance  precisely  like  that 
of  Kilauea,  with  a  few  rou^h  patches  here  and  there  which  I  believe  was  *  aa.' 
Extending  in  a  direction  roaghly  parallel  with  the  west  wall,  from  the  talus  at  the 
base  of  the  lower  terrace  at  the  north  pretty  nearly  to  the  gap  in  the  south,  there 
stretched  a  crack  in  the  crater  floor,  all  points  of  which  lay  slightly  west  of  the 
medial  no rth-and- south  axis.  From  various  places  along  this  fissure  rose  up  nearly 
all  the  signs  of  the  existence  of  volcanic  fires  beneath,  these  evidences  being  sickly 
jets  of  steam,  rising  in  such  a  manner  as  to  sug^st  no  urgency  from  below ;  also 
at  the  bottom  of  the  southwest  wall  the  talus  appears  to  be  undergoing  a  trans- 
formation into  sulphur  banks.  There  was  nothing  in  the  appearance  of  this  summit 
crater  to  warrant  an  assumption  that  at  this  very  time,  at  the  depth  of  3,000  to 
3,500  feet  below  the  l^el  of  this  fioor,  there  was  a  genuine  volcano  in  terrific 
eruption.*** 

Two  Kinds  of  Eruptions 

The  history  of  volcanic  action  on  Mauna  Loa  indicates  two  kinds  of 
eruption.  Most  of  them  have  presented  phenomena  of  this  nature: 
After  premonitory  earthquakes,  the  first  manifestation  of  activity  is  the 
sudden  appearance  of  much  molten  lava  in  the  top  crater,  Mokuaweoweo, 
which  is  shown  by  the  light  reflected  on  the  sky.  Often  the  finest  foun- 
tains of  fire  are  displayed  at  the  summit.  Within  a  very  few  days  there 
is  a  fracture  in  the  side  of  the  mountain,  accoinpanied  by  noise,  and 
lava  flows  freely,  as  if  from  hydrostatic  pressure,  and  the  liquid  disap- 
pears at  the  summit.  So  far  as  known,  all  the  discharges  from  altitudes 
of  4,000  feet  or  less  below  the  surface  of  the  fused  lava  have  made  their 


*  Hawaiian  Annual  for  190(). 
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way  through  limited  orifices,  and  have  flowed  down  the  mountain  for 
weeks  or  months. 

The  other  kind  of  eruption  was  manifested  in  1868  and  1887,  near  the 
south  end  of  the  island.  It  commenced  with  a  light  at  the  summit,  but 
discharged  on  a  long  line  of  vent  from  10,000  to  12,000  feet  below  the  fused 
pool  in  Mokuaweoweo.  The  outburst  was  preceded  by  violent  earth- 
quakes, and  continued  to  flow  only  two  or  three  days,  the  amount  of  the 
discharge  being  approximately  equal  to  that  sent  out  at  the  higher  level. 
The  eruption  of  1899  clearly  belongs  to  the  first  category. 

Areas  of  Weakness  f 

r 

Two  areas  of  weakness  are  indicated  :  the  first  at  the  southwest  l^ase 
of  the  mountain,  where  the  violent  discharges  have  come  to  the  surface ; 
the  second  is  a  considerable  tract  on  the  northeast  slope,  which  carries 
the  sources  of  the  flows  of  1823,  1843, 1862, 1855, 1880,  and  1899.  They 
bunched  together  from  9,000  to  11,000  feet  above  the  sea  and  to  the 
northeast  from  Mokuaweoweo.  Figure  1  *  exhibits  roughly  their  posi- 
tions and  comparative  importance.  Probabl}'  a  dozen  terminal  f  cones 
are  scattered  over  this  area,  and  they  are  plainly  visible  20  miles  away. 
The  hill  Puu  ula  ula  is  the  most  prominent  elevation  in  this  tract,  and 
it  is  one  of  the  signal  stations  of  the  Hawaiian  Trigonometrical  Survey. 
It  was  incorrectly  located  on  the  early  maps,  and  the  propinquity  of  the 
terminal  cones  was  not  observed  till  the  eflbrt  was  made  to  fix  the  pre- 
cise position  of  the  latest  flow  with  reference  to  the  others. 

The  Mauna  Loa  Dome 

Mauna  Loa  is  an  elongated  dome,  74  by  53  miles  in  the  two  diameters, 
as  measured  at  the  sealevel,  and  13,650  feet  in  altitude.  Sometimes  it 
has  been  spoken  of  as  extending  downward  more  than  16,000  feet  far- 
ther to  the  level  of  the  submarine  plain  on  which  the  whole  archipelago 
is  based.  That  would  present  a  cone  30,000  feet  in  altitude,  and  we  can 
imagine  it  to  contain  a  tube  through  which  lava  has  welled  up  from  this 
enormous  depth.  Perhaps  the  recent  discovery  of  the  Tertiary  age  of 
the  foundations  of  Oahu  may  suggest  that  the  base  of  the  cone  rests  on 
sedimentary  material — a  low  island — thus  avoiding  the  hypothesis  of  an 
ejection  built  up  from  the  sea  bottom  by  means  of  volcanic  debris.    The 

*The  map  is  compiled  from  data  afforded  by  Professor  W.  D.  Alexander,  chief  of  the  goverument 
!nirTey. 

tThiii  term  has  been  commonly  applied  to  the  small  craters  built  up  from  the  several  orifices 
of  the  different  flows. 
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existence  of  such  a  Tertiary  base  is  yet  to  be  proved  for  Hawaii  except 
in  a  theoretical  way. 

The  surface  of  this  dome  is  covered  by  a  multitude  of  lava  streams- 
irregular,  straggling,  inky  rivers — which  are  well  seen  from  Mauna  Kea, 


Fiou&E  l.—Map  of  Hawaii 

and  which  reticulate  on  the  side  of  the  mountain.  The  entire  mass  has 
been  built  up  by  these  streams,  issuing  at  irregular  intervals  from  orifices 
and  crevices.  It  would  require  millions  of  years  at  the  known  rate  of 
increase  for  the  present  century  to  construct  this  dome.  Though  so 
modern,  the  surface  is  unbroken  by  denudation  in  its  upper  portions. 
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In  Olaa  and  elsewhere  near  the  sea  shallow  canyons  are  beginning  to 
show  themselves. 

Volcanic  Ashes 

At  the  New  York,  meeting  of  the  American  Association  for  the  Ad- 
vancement of  Science,  in  J887,*  I  represented  that  what  had  been  called 
oceanic  sediments  f  in  various  benches  and  buttes  were  really  volcanic 
ashes.  I  have  examined  these  deposits  more  carefully  during  the  past 
year,  and  substantiate  the  earlier  [)osition. 

The  annexed  outline  map;];  is  constructed  so  as  to  show  the  areas  oc- 
cupied by  these  ashes  so  far  as  known.  It  is  needfijl  first  to  describe 
the  location  of  the  forest.  In  Hamakua,  Hilo,  and  Puna  districts  it 
flanks  Mauna  Kea  and  Mauna  Loa  from  about  300  to  7,000  feet  altitude. 
Interrupted  for  10  miles  by  Kilauea,  it  commences  again  near  Ainapo, 
runs  down  to  Kahuka,  and  curves  to  the  north,  extending  through  Kona. 
Its  presence  is  due  primarily  to  the  rainfall,  which  is  excessive  (175  to 
200  inches)  in  the  more  eastern  section.  Sugar  plantations  are  located 
below  the  forest,  on  the  windward  slopes,  and  the  planters  have  discov- 
ered that  when  the  ground  has  been  cleared  of  trees  the  land  is  well 
fitted. for  the  growth  of  the  cane  and  coffee.  In  Olaa  there  seems  to  be 
a  connection  between  the  fertility  and  the  prevalence  of  the  ashes.  For- 
merly the  Volcano  road  from  Hilo  avoided  the  forest,  except  for  about 
three  miles,  near  the  lower  end,  because  of  the  mud.  Since  the  recent 
opening  of  the  region  to  settlement  a  new  macadamized  road  has  been 
constructed  through  a  dozen  miles  of  the  forest,  and  this  portion  of  the 
woodland  is  underlaid  by  the  ashes.  Away  from  the  trees  the  ashes 
have  been  covered  up,  and  the  hard  basalt  has  not  disintegrated  suffi- 
ciently to  form  a  soil.  On  much  of  this  fertile  land  a  slender  twig  can 
be  easily  thrust  down  for  six  feet,  so  loose  is  the  material. 

The  area  below  the  forest  land  in  Puna  is  very  extensive,  and  this  for 
much  of  the  district  is  due  to  the  absence  of  friable  material,  not  to 
aridity.  It  is  here  that  the  lava  flowed  to  the  sea  at  Nanawale  from 
Kilauea  in  1840.  Taking  a  road  recently  constructed  from  the  ninth  mile- 
post  out  of  Hilo  on  the  Volcano  road  to  Pohoiki  (Rycrofts),  I  discovered 
the  reason  for  the  partly  fertile  and  partly  sterile  tracts.  Near  the  coast 
there  is  a  dense  growth  of  the  Pandanus  or  screw  pine.  Higher  up  there 
is  much  guava  and  various' shrubs.  The  flow  of  1840  is  still  conspicu- 
ous by  the  sparse  vegetation  upon  it,  and  sufficient  time  has  not  elapsed 

•  Proc.  Amer.  Assoc.  Ad?.  8c i.,  vol.  xzxvi. 

t  Fourth  Annual  Report  of  the  U.  S.  Geol.  Survey. 

X  Figure  1  is  copied  from  Alexander's  published  map,  drawn  by  W.  A.  Wall,  1M6. 
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since  the  adjacent  older  streams  appeared  to  allow  much  loose  earth  to 
accumulate  on  them.  I  found  two  small  areas  of  an  ancient  discharge 
which  were  not  covered  by  the  later  basalts,  and  retained  the  original 
dense  forest.  One  is  a  mile  in  diameter,  east  of  Pahoa  post-office ;  the  other 
is  much  smaller,  near  the  eighteenth  mile-post.  I^rge  ohias,  tree  ferns, 
ropy  vines,  and  various  shrubs  are  as  vigorous  in  these  small  outliers  as 
in  the  upper  forest,  while  the  interspaces  exhibit  chiefly  "pahoehoe" 
basalt  of  recent  origin,  devoid  of  vegetation.  The  natural  conclusion  is 
that  the  forest  originally  covered  all  the  Puna  district,  and  that  the  lava 
flowed  down  so  plentifully  from  Kilauea  or  Mauna  Loa  that  most  of  the 
region  was  covered  and  the  trees  destroyed.  The  soil  of  these  two  out- 
lying patches  and  of  the  3  miles  of  forest  crossed  by  the  road  near  Hilo 
camet  from  the  disintegration  of  basalt. 

The  soil  derived  from  volcanic  ash  extends  along  the  Volcano  road 
for  10  miles  above  Olaa  village.  Sections  at  the  twenty-first  mile-post 
show  two  beds,  each  6  feet  thick,  separated  by  a  black  band  of  vegetable 
humus,  with  roots,  thus  indicating  two  separate  discharges,  the  second 
appearing  many  years  after  the  first — a  period  long  enough  to  allow  of 
the  growth  of  a  forest  before  that  too  was  overwhelmed.  Because  of  the 
great  rainfall  these  beds  have  been  converted  into  a  red  clay.  Shnilar 
duplex  deposits  appear  at  the  twenty-second  and  twenty-third  mile- 
posts.  Above  the  twenty-fifth  mile  post  the  forest  and  ash  both  disap- 
pear and  the  surface  consists  of  pahoehoe,  bare  of  vegetation.  This  ex- 
tends to  about  a  mile  east  of  Kilauea,  where  the  vigorous  vegetation  still 
remains.  No  effort  was  made  to  follow  this  stream  of  lava  to  its  source, 
nor  to  demonstrate  its  connection  with  the  barren  tract  outside  of  the 
forests  extending  toward  Pahoa.  The  various  facts  stated  will  illustrate 
the  method  that  may  be  employed  to  determine  the  position  and  suc- 
cession of  prehistoric  lava  flows  on  Hawaii.  "Aa"  streams  of  great  an- 
tiquity underlie  the  ashes  in  the  Olaa  forest,  apparently  originating  from 
Mauna  Loa.  Kilauea  emitted  ashes,  stones,  and  lava  bombs  at  a  more 
recent  date.  They  have  been  noticed  extending  a  mile  east  of  the  vol- 
cano, 4  miles  southwest  from  the  pit  and  toward  Keauhau.  They  are 
coarser  than  the  ash,  of  greater  extent,  and  of  a  darker  color,  and  con- 
tain pisolite.     It  is  very  common  to  the  southwest. 

The  older  ash  is  first  seen  about  4  miles  southwest  of  Kilauea,  and 
appears  in  occasional  spots  as  far  as  the  Halfway  house.  It  then  in- 
creases in  amount  and  importance.  Midway  between  the  Halfway  house 
and  Pahala  there  is  a  terrace  of  it  1,800  feet  in  altitude.  In  this  neigh- 
borhood it  distinctly  underlies  both  "  aa  "  and  pahoehoe.  At  Pahala 
it  is  very  thick  and  dry.  The  Hawaiians  formerly  amused  themselves 
by  jumping  into  these  piles  of  dust  as  though  it  were  a  liquid.    The 
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cane  fields  are  considerably  higher  up  than  the  mill,  where  water  is 
plentiful. 

Numerous  blufifs  show  themselves  in  the  higher  slopes,  where  large 
blocks  have  been  elevated  unequally  by  dynamic  forces.  One  of  these 
elevations  is  the  famous  Uilea  "  butte  "  figured  by  Captain  C.  £.  Dutton. 
According  to  him,  '^  the  buttes  are  mere  remnant^  of  a  large  alluvial 
formation  which  was  originally  continuous."*  The  material  is  certainly 
like  silt,  but  the  theory  of  its  eolian  origin,  rained  down  from  an  atmos- 
phere charged  with  volcanic  dust,  better  accommodates  itself  to  all  the 
phenomena  than  that  of  marine  accumulation.  Immense  *' aa  "  flows 
between  Hilea  and  Naalehu  destroy  the  continuity  of  the  deposit,  and  it 
underlies  the  fertile  fields  of  Waiohinu  and  other  tracts  as  far  as  to  the 
Kahuka  ranch  of  Colonel  Norris.  Here  the  continuity  has  been  inter- 
rupted by  the  flow  of  1868.  There  is  an  interesting  depression  in  the 
ash  here,  a  crater-like  opening  a  hundred  feet  deep  and  a  thousand  across, 
used  aa  a  hot-house  for  the  growth  of  fruits  and  vegetables. 

Mr  J.  S.  Emerson  states  that  this  ash  is  abundant  in  Kona,  and  others 
have  observed  it  by  the  seashore  near  the  terminus  of  the  1868  flow. 
The  western  edge  is  abrupt,  10  feet  thick.  King  Umi,  who  reigned  eight 
or  ten  centuries  ago,  built  a  road  through  Kona  on  the  surface  of  this 
dust ;  hence  we  know  the  time  of  its  eruption  reached  very  far  back, 
probably  before  the  existence  of  the  Hawaiians  on  the  island.  The  ash 
is  said  to  be  divided  in  the  middle  by  a  white  layer. 

The  region  north  of  Hilo  contains  this  same  bed.  At  the  village  of 
Hilo  it  is  exposed  in  a  cutting  by  the  house  of  Judge  D.  H.  Hitchcock. 
Several  miles  to  the  north  it  appears  in  the  road  adjacent  to  the  shore, 
and  it  is  highly  probable  that  the  long  array  of  sugar  plantations  in  this 
district  is  underlaid  by  the  same.  In  climbing  Mauna  Kea  I  found  this 
ash  abundant  on  the  south  slope,  especially  at  Puakala,  more  than  6,000 
feet  above  the  sea.    It  was  of  noticeable  thickness. 

Okigin  of  the  Ashes 

As  to  origin  of  the  ashes,  it  is  evident : 

1.  That  they  represent  at  least  two  eruptions,  separated  by  an  interval 
of  considerable  duration. 

2.  As  the  beds  are  alike  in  number  on  opposite  sides  of  the  island,  we 
should  naturally  look  for  their  source  at  Mokuaweoweo,  a  central  point, 
rather  than  the  neighborhood  of  Hilea  or  from  Kulani,  on  the  eastern 
slope. 

•Fourth  Ann.  Rept.  U.S.  Geol.  Survey,  p.  98. 
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3.  Kilauea  destroyed  the  continuity  of  this  tuffaceous  deposit  by  in- 
tercalating its  own  discharges  of  ashes,  lava  bombs,  rubble,  and  lava. 

4.  Certainly  2,000  square  miles  of  Hawaii  have  a  generous  supply  of 
these  ashes.  They  must  have  occupied  many  times  this  amount  of 
space  if  we  take  into  account  those  that  fell  into  the  ocean.  Having 
had  the  opportunity  of  studying  the  ashes  thrown  out  by  Tarawera, 
New  Zealand,  in  1886, 1  have  no  hesitation  in  saying  that  the  Hawaiian 
deposit  far  exceeded  it  in  size.  There  only  82  square  miles  were  covered 
by  a  layer  exceeding  3  feet  in  thickness  ;  here  it  would  not  be  extrava- 
gant to  say  that  more  than  1,500  square  miles  were  thus  covered.  The 
total  area  covered  by  the  New  Zealand  deposit  amounted  to  6,200  square 
miles. 

The  eruptions  producing  the  ashes  must  have  been  of  the  explosive 
type ;  hence  we  must  believe  that  volcanoes  may  represent  both  the 
Strombolian  and  the  Vesuvian  phases  of  activity  at  different  periods  in 
their  history.  Mos{  writers  upon  the  Hawaiian  volcanoes  have  insisted 
that  all  their  eruptions  were  of  the  quiet  kind. 
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Introduction 


It  is  the  privilege  of  the  President  of  this  Society,  in  his  address,  to 
bring  to  the  notice  of  his  fellow-members  some  subject  possessed  of  more 
or  less  general  interest,  and  preferably,  I  think,  some  subject  that  he  has 
made  particularly  his  own.  On  such  an  occasion  a  wider  outlook  upon 
various  geological  fields  becomes  admissible  than  in  the  case  of  papers 
presented  to  the  Society,  which,  as  a  rule,  should  be  devoted  to  original 
and  unpublished  observations.  It  has  thus  appeared  to  me  that  it  may 
be  of  interest  and  utility  at  this  time,  to  collect  and  review  the  main  facts 
so  far  ascertained  respecting  the  composition  of  the  geological  column  of 
what  may  be  called  the  Rocky  Mountain  region  of  Canada,  including 
the  province  of  British  Columbia,  and  the  Yukon  district — this  region 

X.— Bull.  Gbol.  Soc.  Am..  Vol.  12,  1900  (57) 
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being  identical  with  that  part  of  the  western  Cordillera  comprised  in  the 
Dominion  of  Canada.  To  its  geological  exploration  a  great  part  of  my 
own  time  has  been  devoted  for  many  years.  The  results,  as  obtained, 
have  been  published  chiefly  in  the  reports  of  the  Geological  Survey  of 
Canada,  but  it  is  undoubtedly  difficult  for  the  inquirer,  with  only  a 
limited  amount  of  time  at  his  disposal,  to  form  a  connected  and  bal- 
anced idea  of  the  conditions,  as  a  whole,  from  a  series  of  such  progress 
reports,  dealing  usually  with  particular  districts. 

Twenty  years  ago,  after  having  worked  in  British  Columbia  or  on  its 
borders  for  six  seasons,  I  read  a  paper  before  the  Geological  Section  of 
the  British  Association  for  the  Advancement  of  Science,  at  Swansea,  en- 
titled ''  Sketch  of  the  geology  of  British  Columbia,"  which  was  afterwards 
published  in  the  Geological  Magazine.*  So  far  as  they  go,  the  general 
outlines  then  laid  down  still  hold ;  but  much  has  been  accomplished 
since  that  time,  the  relative  importance  of  the  observations  recorded  has 
been  considerably  changed,  and  opinions  expressed  from  time  to  time 
have  had  to  be  modified  as  the  work  progressed.  All  I  shall  attempt 
to  do  here  is  to  review  the  principal  geological  features  as  they  are  now 
understood,  but  in  order  to  render  this  address  of  more  practical  value 
as  a  clue  to  the  geology  of  the  region  covered  by  its  title,  references  to 
the  principal  reports  and  papers  in  which  details  may  be  found  will  be 
given  throughout. 

Special  Features  op  the  Region 

The  region  dealt  with  is  in  many  respects  one  of  particular  geological 
interest,  and  it  is  likewise  remarkable  as  one  which  it  has  been  necessary 
to  work  out  as  an  almost  entirely  detached  geological  problem.  Its  older 
rocks  are  separated  from  those  of  the  eastern  parts  of  Canada  by  the  whole 
width  of  the  Great  plains,  and  the  newer  formations  found  in  it  are  gen- 
erally unrepresented  in  other  parts  of  Canada.  Nor  until  the  work  was 
well  advanced  did  any  satisfactory  standard  of  comparison  exist  in  the 
far  west.  California  could  be  referred  to  in  regard  to  certain  defined  for- 
mations of  the  Tertiary  and  Cretaceous,  but  a  great  intervening  region 
of  the  Cordillera  remained  practically  unknown  geologically,  except  for 
the  earlier  results  of  the  Hayden  surve3's  and  some  reconnaissance  sur- 
veys by  other  explorers  along  lines  of  travel.  Clarence  King's  great 
volume,  the  "  Systematic  Geology  of  the  40th  Parallel,"  did  not  appear 
till  1878,  and  the  relations  of  the  region  here  referred  to  with  others, 
which  have  become  apparent,  have  been  developed  at  later  dates. 


*  Decade  II,  vol.  viii,  April  and  May,  1881. 


ITS   FEATURES   AND    INVESTIGATORS  59 

It  was  in  this  region  also  that  the  occurrence  of  contemporaneous  vol- 
canic materials  as  important  constituents  of  the  Mesozoic  and  Paleozoic 
rocks  of  the  Cordilleran  belt  was  first  recognized.  Previous  to  the  earlier 
reports  of  the  Canadian  Geological  Survey  on  British  Columbia,  the  ex- 
istence of  such  volcanic  materials  had  been  admitted  only  as  regards 
the  Tertiary  formations,  in  the  western  portion  of  the  continent. 

Investigators 

The  geological  exploration  of  British  Columbia  was  begun  in  1871  by 
Dr  A.  R.  C.  Selwyn,  assisted  by  the  late  Mr  James  Richardson.  Taking 
all  the  circumstances  into  consideration,  the  report  then  made  by 
Dr  Selwyn  must,  I  think,  be  regarded  as  a  remarkably  valuable  and  im- 
portant one.  My  own  investigations  in  connection  with  the  Geological 
Survey  began  in  1875  and  in  1887  extended  to  the  Yukon  district. 
Work  was  carried  on  in  the  Cariboo  district  for  some  years  under  the 
control  of  the  late  Mr  Amos  Bowman,  and  in  later  years  Messrs  J. 
McEvoy,  R.  G.  McConnell,  J.  B.  Tyrrell,  R.  W.  Brock,  and  J.  C.  Gwillim 
have  also  been  in  charge  of  parties  in  different  parts  of  this  Cordilleran 
r^on  of  Canada. 

Physiographical  Features 

It  is  not  my  intention,  however,  hei:e  to  follow  the  development  of  our 
knowledge  of  the  region  historically,  through  its  various  stages,  but  rather 
to  enumerate  the  several  formations  now  known  to  be  represented,  to 
briefly  describe- each  of  them,  and  then  to  review  the  main  outlines  of 
the  geological  evolution  of  this  part  of  the  continent  in  so  far  as  it  has 
been  made  apparent.  For  this  purpose  a  few  words  must  first  be  devoted 
to  the  existing  physiographical  features  of  the  region. 

Pleistocene  events  and  matters  connected  with  the  glaciation  and  later 
superficial  geology  may  be  excluded  from  consideration,  as  these  have 
been  treated  at  some  length  elsewhere.* 

As  compared  with  the  Cordilleran  region  in  the  Western  states,  that  of 
British  Columbia  is  much  less  diffuse  and  more  strictly  parallel  with 

« 

the  corresponding  part  of  the  Pacific' coast.  Its  length  is  approximately 
the  same,  but  its  width  is  usually  about  400  miles  only.  The  several 
mountain  systems  are  separated  by  narrower  intervals,  and,  except  in  the 
extreme  north,  may  be  more  readily  traced  and  defined.  All  the  main 
physical  features  trend  in  a  north-northwest  direction  for  about  1,100 
miles,  after  which  the  mountain  axes  turn  somewhat  abruptly  westward, 


*  Trans.  Royal  Soc.  Can.,  vol.  viil.    Pret<idential  addresH  to  Section  IV. 
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and,  becoming  less  continuous  and  separated  by  wider  intervening  low- 
lands, run  toward  the  eastern  boundary  of  Alaska. 

The  geok>gical  features  follow  a  similar  rule,  the  rock  series  repre- 
sented di£fering  much  in  age  and  composition  within  comparatively  short 
distances  as  the  Cordilleran  belt  is  crossed,  while  they  run  far  and  with 
closely  accordant  characters  in  the  direction  of  its  length. 

This  depends  on  two  conditions,  both  imposed  by  the  position  of  the 
zone  of  recurrent  erustal  movements  coincident  with  the  western  border 
of  the  continent:  (1)  The  occurrence  of  successive  zones  of  deposition, 
whether  sedimentary  or  volcanic,  parallel  to  the  continental  edge ;  (2)  the 
actual  compression  of  the  original  area  of  deposition,  by  folding  and 
fracture,  produced  by  pressure  from  the  Pacific  side,  by  means  of  which 
the  superficies  may  have  been  reduced  by  at  least  one-third  of  its  original 
width  since  early  Paleozoic  times.  It  results,  further,  from  these  condi- 
tions that  the  local  names  applied  to  geological  formations  remain  appro- 
priate for  long  distances  in  the  general  direction  of  the  strike,  while  the 
characters  associated  with  such  names  can  seldom  be  traced  far  without 
change  in  a  transverse  direction.  The  bearing  of  this  on  the  nomencla- 
ture appropriate  for  the  Cordilleran  region  as  a  whole  is  important,  and 
the  want  of  attention  to  it  has  already,  I  fear,  led  to  the  publication  of 
some  new  formational  names  which  are  unnecessary  and  confusing  rather 
than  helpful. 

The  ruling  orographic  features  of  the  Cordilleran  region  in  Canada  at 
the  present  time  are  the  Rocky  mountains  proper,  forming  its  high 
eastern  border,  and  the  Coast  ranges  of  British  Columbia  on  the  west.  It 
has  been  proposed  by  Dana  to  name  the  first  of  these  systems  the  '*  Lara- 
mide  range,"  as  its  origin  was  coeval  with  the  close  of  the  I^ramie  period. 
This  mountain  system  appears  to  begin  about  the  46th  or  47th  parallel 
of  latitude,  from  which  it  runs  in  a  northerly  direction  to  the  Arctic 
ocean,  with  occasional  echelon-like  breaks,  but  forming  throughout  the 
western  limit  of  the  inland  plain  of  the  continent.  Its  width  is  about 
60  miles,  and  although  reduced  in  the  far  north,  the  height  of  many  of 
its  peaks  exceeds  11,000  feet.  The  rocks  composing  it  are  for  the  most 
part  referable  to  the  Paleozoic  and  it  is  found  to  be  affected  by  numerous 
great  faults  parallel  to  its  direction,  overthrust  to  the  eastward,  and 
along  the  eastern  margin,  resulting  in  some  cases  in  horizontal  displace- 
ments of  several  miles,  by  which  Paleozoic  rocks  override  those  of  Creta- 
ceous age  in  the  foothills. 

The  Coast  ranges  of  British  Columbia  form  a  belt  of  about  100  miles 
in  width  that  extends  along  the  border  of  the  Pacific  for  at  least  900 
miles,  beginning  near  the  estuary  of  the  Fraser  and  eventually  running 
inland  beyond  the  head  of  Lynn  canal,  where  the  coast  changes  its  trend 
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to  the  westward.  These  ranges  are  chiefly  composed  of  granitic  rocks, 
which  may  in  the  main  be  regarded  as  forming  a  gigantic  ''  bathylite  " 
with  minor  included  masses  of  sedimentary  rocks.  It  is  later  in  date  of 
origin  than  the  Triassic  period  and  probably  experienced  a  second  and 
much  greater  elevation  at  or  about  the  close  of  the  Cretaceous,  but  is 
neither  so  lofty  nor  so  ragged  as  the  Laramide  range.  The  remarkable 
fiords  of  the  Pacific  coast,  both  those  of  British  Columbia  and  those  of 
the  southern  part  of  Alaska,  are  the  submerged  valleys  of  this  coastal 
system  of  mountains,  their  erosion  being  probably  referable  to  early 
Eocene  and  late  Pliocene  times,  during  which  the  land  stood  at  rela- 
tively high  levels. 

To  the  west  of  the  Laramide  range,  and  separated  from  it  by  a  remark- 
ably long  and  direct  structural  valley,  is  a  somewhat  irregular  and  some- 
times interrupted  series  of  mountain  systems  to  which  the  general  name 
of  the  Gold  ranges  has  been  applied,  and  this  is  referred  to  further  on  as 
the  Archean  axis  of  this  part  of  the  Cordillera.  It  embraces  the  Purcell, 
Selkirk,  Columbia  and  Cariboo  mountains,  all  including  very  ancient 
rocks  and  evidently  representing  the  oldest  known  axis  of  elevation  in 
the  province,  although  it  has  not  remained  unaffected  by  movements  of 
much  later  date.  Peaks  surpassing  10,000  feet  in  elevation  still  occur 
in  these  mountains. 

Between  the  Gold  and  Coast  ranges,  with  a  width  of  about  100  miles, 
is  the  Interior  plateau  of  British  Columbia,  a  peneplain  referred  in  its 
main  features  to  the  early  Tertiary,  which  has  subsequently  been  greatly 
modified  by  volcanic  accumulations  of  the  Miocene,  and  has  been  dis- 
sected by  river  erosion  at  a  still  later  period.  This  plateau  country  is 
well  defined  for  a  length  of  about  500  miles,  declining  northward  from  a 
height  of  over  4,000  feet  near  the  49th  parallel  to  one  of  less  than  3,000 
feet,  and  with  an  average  altitude  of  about  3,500  feet.  It  is  then  inter- 
rupted for  some  four  degrees  of  latitude  by  a  mountainous  country  chiefly 
composed  of  disturbed  Cretaceous  rocks,  beyond  which  the  surface  again 
declines  to  the  plateau  lands  of  the  upper  Yukon  basin,  with  its  separated 
mountain  ranges.  The  Interior  plateau  is  throughout  very  complex  in 
its  geological  structure,  but  except  where  covered  by  Tertiary  accumu- 
lations it  is  found  to  be  chiefly  underlain  by  Paleozoic  and  Mesozoic 
rocks. 

One  more  mountain  system  remains  to  be  noted.  This  stands  upon 
the  real  border  of  the  Continental  plateau,  and  is  represented  by  the 
long  ridge-like  highlands  of  Vancouver  island  and  the  Queen  Charlotte 
islands.  It  is  evidently  broken  between  these  islands,  and  is  not 
clearly  continued  in  the  archipelago  of  southern  Alaska,  which  seems  to 
be  more  closel}'  connected  with  tlie  Coast  ranges  of  the  mainland.     The 
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rocks  principally  comprised  in  this  outer  mountain  system  range  from 
the  Carboniferous  to  the  Cretaceous  in  age. 


Table  of  Geological  Formations 

Attention  may  now  be  directed  to  the  general  table  of  geological  for- 
mations recognized  in  the  region  under  review.  This  is  arranged  in  two 
main  columns,  representing  what  I  conceive  to  be  the  two  great  geosyn- 
clines  of  this  part  of  the  Cordillera.  These  are  separated  by  what  has 
already  been  referred  to  as  an  Archean  axis.  A  further  explanation  of 
these  main  structural  features  will  be  given  subsequently,  but  it  is  first 
proposed  to  defiuo  and  briefly  note  the  character  of  each  of  the  geological 
units,  beginning  with  the  oldest. 


Wkstkbk  Gkosykclime 

Pliocene Horeefly  gravels 

(Quartz    drift    of    Klondike, 
otc. 


Laeamidk  Gkosynclinb 


Feet 


Feet 


Mioceuo ITppor  volcanic  group 3,100 

TranquiUe  beds 1,000 

Lower  volcanic  group 5,300 

Oligoccno Coldwator    Kroiip     (Similka-    5,000 

meen  beds,  etc.). 

Eocene Puget  group  (on  coast  only 

a.OOO'  +). 

Cretaceous Nanaimo  group 2,700 


Qiioen  Charlotte  iHland  group 
(in  Queen  Charlotte  isf* 
ands) 0,500 

Triashic Nicola  group 13,500 


Carboniferous....  Cache  Creek  group 9,500 

Devonian (?) 

Silurian (f) 


Upper  Laramie. 
Lower  Laramie. 


Montana 
Colorado 


Dakota.... 
Kootanie. 


:} 


(Red  beds  to  south,  marine  to 
north)  say 


Banff  series 

Intermediate  series. 
Halysites  beds 


Ordovician (?)  .. 


Cambrian.. 


Archean. 


Adams  Lake  sorien 25,000 

Nisconlith 15,000 

80,600 
Shuswap  series. 


(  Graptolithic  shales 

<  Castle  Mountain  group  (up- 
(    per  part). 

^  M  =:    Castle      Mountain      group 

§5  s*       (lower  part). 
•  9r 


3,000 
2,500 

3,140 
9,7M 

eoo 

5,100 
1,500 
1,300 
1,500 


8,000 


Bow  River  series. 


10,000 
46,390 


S.OOO'  + 


Archean 


In  1881  it  was  possible  only  to  allude  to  the  existence  of  crystalline 
rocks  probably  referable  to  the  Archean.  The  rocks  referred  to  were 
those  oriji;inally  described  by  Dr  Selwyn  as  the  **  Granite,  gneiss,  and 
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mica-schist  of  the  North  Thompson,  etc.,"  and  recognized  from  the  first 
by  him  as  "  the  oldest  rocks  observed  in  the  country/'  It  was  not,  how- 
ever, till  1889  that  much  further  information  was  gained  regarding  these 
old  rocks,  when  good  sections  of  them  were  found  by  the  writer  on 
Kootenay  lake,  and  as  they  were  also  well  developed  on  Shuswap  lake, 
the  name  Shuswap  series  was  proposed  for  them.*  The  Shuswap  rocks 
proper  evidently  represent  highly  metamorphosed  sediments  with  per- 
haps the  addition  of  contemporaneous  bedded  volcanic  materials.  They 
are  grayish  mica-gneisses,  with  some  garnetiferous  and  hornblendic 
gneisses,  glittering  mica-schists,  crystalline  limestones  and  quartzites. 
Gneisses  in  association  with  the  last-mentioned  rocks  often  become 
highly  calcareous  or  silicious  and  contain  scales  of  graphite,  which  are 
also  often  present  in  the  limestones.  These  bedded  materials  are,  how- . 
ever,  associated  with  a  much  greater  volume  of  mica-schists  and  gneisses 
of  more  massive  appearance,  most  of  which  are  evidently  foliated  plu- 
tonic  rocks,  and  are  often  found  to  pass  into  unfoliated  granites.  The 
association  of  these  different  classes  of  rocks  is  so  close  that  it  may  never 
be  possible  to  separate  them  on  the  map  over  any  considerable  area. 
The  granites  may  often  have  been  truly  eruptive  in  origin,  but  the  fre-  • 
quent  recurrence  of  quartzites  among  them  in  some  regions  indicates  j 
that  they  are,  at  least  in  part,  the  result  of  a  further  alteration  of  the  | 
bedded  rocks.f 

Thus,  up  to  the  present  time,  the  Shuswap  series  has  been  made  to  in- 
clude this  entire  complex  mass  of  crystalline  rocks,  although  it  might  be 
more  appropriately  restricted  to  the  originally  bedded  members.  These, 
it  will  be  observed,  now  very  closely  resemble  those  of  the  Grenville 
series  of  the  province  of  Quebec,  the  resemblance  extending  to  the 
nature  of  their  association  with  the  foliated  rocks,  which  in  turn  closely 
resemble  the  so-called  '^  Fundamental  Gneiss  "  of  the  same  region.  The 
original  materials  and  the  conditions  of  alteration  to  which  they  have 
been  subjected  have  in  both  localities  been  almost  identical,  producing 
like  results.  The  age  must  be  approximately  the  same,  but  the  distance 
is  too  great  to  admit  of  any  precise  correlation  on  lithological  grounds. 

When  the  ruling  lines  of  strike  or  foliation  of  the  Shuswap  are  laid 
down,  they  are  generally  found  to  be  parallel  with  each  other  in  each 
particular  region,  but  to  run  in  great  irregular  sweeping  curves  over  the 
face  of  the  map  as  a  whole,  and  sometimes  to  surround  unfoliated  granitic 
areas  in  a  concentric  manner,  the  whole  appearance  being  very  much 
like  that  met  with  in  some  parts  of  the  Laurentian  country  in  the  east. 

^AnnaRl  Report,  Geol.  Surf.  Can.,  toI.  It  (N.  S.).  p.  29  B.    The  name  Kootanie  (or  Kootenay)  was 
preoccapied. 
fCf.  ShQfiwap  map-sheet,  Oeol.  SurF.  Can.,  1898. 
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A  distinct  tendency  to  parallelism  of  the  strata  or  foliation  with  adja- 
cent borders  of  the  Cambrian  system  has  moreover  also  been  noted  in  a 
number  of  cases.  This  might  imply  that  the  foliation  was  largely  pro- 
duced at  a  time  later  than  the  Cambrian,  but  the  materials  of  some  of 
the  Cambrian  rocks  show  that  the  Shuswap  series  mUst  have  fully  as- 
sumed their  crystalline  character  before  the  Cambrian  period,  and  there 
{  are  other  evidences  of  their  extensive  pre-Cambrian  erosion.  It  seems, 
therefore,  probable  that  the  foliation  of  the  Shuswap  rocks  may  have 
.  been  produced  rather  beneath  the  mere  weight  of  superincumbent  strata 
than  by  pressure  of  a  tangential  character  accompanied  by  folding,  and 
that  both  these  rocks  and  those  of  the  Cambrian  were  at  a  later  date 
folded  together.  In  the  Archean  of  eastern  Canada,  foliation  still  nearly 
horizontal  or  inclined  at  low  angles,  often  characterizes  considerable 
areas  and  appears  to  call  for  some  explanation  similar  to  that  above 
suggested. 

The  greatest  thickness  of  the  Shuswap  rocks  so  far  measured,  where 
there  is  no  suspicion  of  repetition,  on  Kootenay  lake,  is  about  5,000  feet, 
but  even  here  there  are  doubtles  included  considerable  intercalations  of 
foliated  erupti  ves.  The  Shuswap  series  characterizes  considerable  areas  of 
the  Selkirk,  Columbia,  and  adjacent  ranges  in  the  southern  part  of  British 
Columbia.  It  is  known  also  in  the  Cariboo  mountains  and  near  the 
sources  of  the  North  Thompson  and  Fraser,  about  latitude  53**.*  It  is 
again  well  developed  on  the  Finlay  river,  where  the  country  has  been 
geologically  examined,  between  the  56th  and  57th  parallels  of  latitude.! 

Northward  to  this  point  these  rocks  appear  to  be  confined  to  a  belt 
lying  to  the  west  of  the  Laramide  range  and  to  come  to  the  surface  seldom, 
if  at  all,  in  that  range.  Farther  north  similar  rocks  occur  in  the  Yukon 
district  in  several  ranges  lying  more  to  the  west,  but  still  with  nearly 
identical  characters,  in  so  far  as  they  are  known.  X 

The  granitic  rocks  of  the  Coast  ranges  are  probably  much  newer,  nor 
have  any  crystalline  schists  yet  been  observed  in  association  with  these 
raeges  to  which  an  Archean  date  can  be  definitely  assigned. 

Cambrian 

The  importance  of  rocks  assigned  to  the  Cambrian  in  the  Rocky 
Mountain  r^on  of  Canada  has  become  much  more  apparent  as  the 
result  of  later  explorations.  Their  thickness  is  very  great,  and  they 
appear  under  difiering  characters  in  different  parts  of  the  region,  in 

*  Aonual  Report,  Geol.  Surv.  Cnn.,  rol.  xi  (N.  8.)«  P*  ^  D. 

t  Ibid.,  vol.  vii,  p.  33  C. 

X  Ibid.,  vol.  iil,  p.  34  B,  and  vol.  iv,  p.  14  I». 
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such  a  manner  as  to  require  distinctive  names  and  to  admit,  so  far,  of 
only  a  tentative  correlation.  Our  typical  and  most  carefully  surveyed 
section  is  that  in  the  Rocky  mountains  proper  or  Laramide  range,  on 
the  line  of  the  Bow  River  pass.  This  has  been  studied  by  Mr  R.  G. 
McConnell,  and  it  is  the  only  section  for  which  some  direct  paleonto- 
logical  evidence  exists  *  The  base  of  the  Cambrian  is,  however,  not 
seen  in  this  section.  In  the  Gold  ranges,  where 'the  Cambrian  is  fre- 
quently found  resting  on  the  Archean,  the  Nisconlith,  its  lowest  recog- 
nized member,  varies  by  several  thousand  feet  in  volume,  showing  thatj 
the  old  surface  was  a  very  irregular  one  and  had  been  greatly  modified 
by  denudation  previous  to  the  deposition  of  the  Nisconlith.  The  same 
circumstance  has  been  noticed  by  Mr  McConnell  in  the  case  of  the  Bow 
River  series  of  the  Laramide  range,  where  it  is  found  resting  on  the 
Archean  in  the  vicinity  of  the  Finlay  river,  over  400  miles  northwest  of 
his  typical  8ection,t  proving  this  denudation-interval  to  be  a  very  im- 
portant one,  although,  as  already  noted,  there  is  often  a  parallelism  in 
strike  between  the  two  series  of  rocks. 

The  Bow  River  series,  in  the  pass  of  the  same  name,  consists  chiefly 
of  dark-gray  argillites,  with  some  greenish  and  purplish  bands,  associated 
with  quartzites  and  conglomerates,  these  coarser  materials  being  most 
abundant  in  the  upper  parts  of  the  formation.  Pebbles  of  quartz  and 
feldspar,  evidently  derived  from  the  Archean,  are  abundant  in  the  con- 
glomerates, and  scales  of  mica  have  in  some  places  been  developed  on 
the  divisional  planes  of  the  argillites.  The  known  thickness  of  the 
series  is  10,000  feet. 

In  the  eastern  part  of  the  pass,  resting  conformably  on  the  Bow  River 
series,  is  the  Castle  Mountain  group,  with  a  known  thickness  of  about 
8,000  feet.  This  consists  chiefly  of  ordinary  gray  limestones  and  dolo- 
mites, in  frequent  alternations  and  interstratifled  with  shales  and  calc- 
schists.  To  the  west  of  the  main  watershed,  however,  the  character  of 
this  series  becomes  materially  changed,  and  the  heavy  bedded  dolo- 
mites and  limestones  are  to  a  great  extent  replaced  by  greenish  calc- 
Bchists  and  greenish  and  reddish  shales  and  slates.  The  change  may 
be  traced  in  its  various  stages,  and  is  due  to  the  introduction  on  the 
west  of  a  greater  proportion  of  earthy  matter. 

Fossils  of  the  lower  Cambrian  {OleneUxis)  fauna  have  been  found  3,000 
feet  below  the  summit  of  the  Bow  River  series.    They  are  also  known  to 

characterize  the  lower  part  of  the  Castle  Mountain  series,  which  is  fos- 

-  _ 

*  For  deUils  of  the  Bow  Rirer  Pass  section,  see  Annual  Report,  Geol.  Siirv.  Can.,  vol.  ii  (N.  S.), 
part  D.  • 

t  Annual  Report,  Geol.  Surv.  Can.,  vol.  vii  (N.  S.),  p.  24  C. 

XI— BuLiu  GaoL.  Soc.  Am.,  Vol.  12.  1900 
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siliferous  at  several  horizons,  and  appears  to  pass  up  at  its  summit  into 
the  Ordovician  * 

Following  the  general  direction  of  the  Laramide  range  northwestward, 
Cambrian  rocks  similar  to  those  of  the  Bow  pass  are  now  known  at  in- 
tervals for  many  hundred  miles,  and  it  is  probable  that  they  will  be  found 
to  form  a  continuous  or  nearly  continuous  belt.  Both  groups  are  recog- 
nized with  practically  identical  characters  on  the  Yellow  Head  pass  and 
on  the  Finlay  river.  The  Misinchinca  schists  of  my  report  of  1879,  no 
doubt  represent  the  Bow  River  series,  and  similar  rocks  are  again  found 
at  the  sources  of  the  Pelly  branch  of  the  Yukon.f 

Passing  now  to  the  next  mountain  system,  to  the  southwest  of  the 
Laramide  range  and  parallel  with  it — the  Gold  ranges — we  find  in  the 
Selkirk  mountains  a  great  thickness  of  rocks  that  have  not  yet  yielded 
any  fossils,  but  appear  to  represent,  more  or  less  exactly,  the  Cambrian 
of  our  typical  section.  Resting  on  the'Archean  rocks  of  the  Shuswap 
series  is  an  estimated  volume  of  15,000  feet  of  dark  gray  or  blackish 
argillite  schists  or  phyllites,  usually  calcareous,  and  toward  the  base  with 
one  or  more  beds  of  nearly  pure  limestone  and  a  considerable  thickness 
of  gn^y  flaggy  quartzites.  To  these,  where  first  defined  in  the  vicinity 
of  the  Shuswap  lakes,  the  name  Nisconlith  series  has  been  applied.^  The 
rocks  vary  a  good  deal  in  different  areas,  and  on  Great  Shuswap  lake 
are  often  locally  represented  by  a  considerable  thickness  of  blackish 
flaggy  limestone.  It  other  portions  of  their  extent  dark-gray  quartzites 
or  gray wackes  are  notably  abundant.  Their  color  is  almost  everywhere 
due  to  carbonaceous  matter,  probably  often  graphitic,  and  the  abundance 
of  carbon  in  them  must  be  regarded  as  a  somewhat  notable  and  charac- 
teristic feature.  These  beds  have  also  been  recognized  in  the  southern 
part  of  the  West  Kootenay  district  and  in  the  western  portion  of  the 
Interior  plateau  of  British  Columbia. 

The  Nisconlith  series  is  believed,  from  its  stratigraphical  position  and 
because  of  its  lithological  similarity,  to  represent  in  a  general  way  the 
Bow  River  series  of  the  adjacent  and  parallel  Laramide  range,  but  there 
is  reason  to  think  that  its  upper  limit  is  somewhat  below  that  assigned 
on  lithological  grounds  to  the  Bow  River  series. 

Conformably  overlying  the  Nisconlith  in  the  Selkirk  mountains,  and 
blending  with  it  at  the  junction  to  some  extent,  is  the  Selkirk  series, 

♦For  descriptions  of  the  fossils  from  these  beds,  the  following  authors  may  be  referred  to: 
C.  Rominger,  Proc.  Acad.  Nat.  Sci.,  Phila.,  1887,  pp.  12-19;  C.  1).  Walcott,  Proc.  U.  S.  Nat.  Mus., 
1889.  pp.  441-446 ;  J.  F.  Whiteaves,  gan.  Rec.  Sci.,  18M,  vol.  v,  pp.  205-208 ;  F.  R.  C.  Reed,  Geol.  Mag., 
1899,  Dec.  4,  vol.  vi,  pp.  368-361 ;  G.  F.  Matthews.  Trans.  Royal  Soc.  Can.,  series  2,  vol.  v,  sec.  4. 

t  Annual  Report  Geol.  Surv.  Can.,  vol.  xi  (N.  8.),  p.  31  D.  Ibid.,  vol.  ^i,  p.  34  C.  Report  of 
Progress,  Geol.  Suvr.  Can.,  1879-'80,  p.  108  B. 

X  Annual  Report  Geol.  Surv.  Can.,  vol.  iv  (N.  S.),  p.  31  B.  Bull.  Geol.  Soc.  Am.,  vol.  ii,  p.  170.  An- 
nual Report  Geol,  Surv.  Can.,  vol.  vii  (N.  S.),  p.  31  B.    Shuswap  map-sheet,  Geol.  Surv.  Can. 
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with  au  estimated  thickness  of  25,000  feet,  consisting,  where  not  rendered 
micaceous  by  pressure,  of  gray  and  greenish-gray  schists  and  quartzites, 
sometimes  with  conglomerates  and  occasional  intercalations  of  blackish 
argillites  like  those  of  the  Nisconlith.  These  rocks  are  evidently  in  the 
main  equivalent  to  the  Castle  Mountain  group,  representing  that  group 
as  affected  by  the  further  and  nearly  complete  substitution  of  clastic 
materials  for  the  limestones  of  its  eastern  development. 

In  the  vicinity  of  Shuswap  lakes  and  on  the  western  border  of  the 
Interior  plateau,  the  beds  overlying  the  Nisconlith  and  there  occupying 
the  place  of  the  Selkirk  series  are  found  to  still  further  change  their 
character.  These  rocks  have  been  named  the  Adams  Lake  series.*  They 
consist  chiefly  of  green  and  gray  phloritic,  felspathic.sericitic,  and  some- 
times nacreous  schists,  greenish  colors  preponderating  in  the  lower  and 
gray  in  the  upper  parts  of  the  section.  Silicious  conglomerates  are  but 
rarely  seen,  and  on  following  the  series  beyond  the  flexures  of  the  moun- 
tain region  it  is  found  to  be  represented  by  volcanic  agglomerates  and 
ash-beds,  with  diabases  and  other  efi'usive  rocks,  into  which  the  passage 
may  be  traced  by  easy  gradations.f  The  best  sections  are  found  where' 
these  materials  have  been  almost  completely  foliated  and  much  altered 
by  dynamic  metamorphism,  but  the  approximate  thickness  of  this  series 
is  again  about  25,000  feet.J 

The  upper  part  of  the  Cambrian  system,  above  the  Bow  River  and  Nis- 
conlith series,  may  thus  be  said  to  be  represented  chiefly  by  limestones 
in  the  eastern  part  of  the  Laramide  range,  calc-schists  in  the  western  part 
of  the  same  range,  quartzites,  gray\rackes,  and  conglomerates  in  the  Sel- 
kirk mountains,  and  by  v^olcanic  materials  still  further  to  the  west.  It 
is  believed  that  a  gradual  passage  exists  from  one  to  another  of  these 
zones,  and  that  the  finer  ashy  materials  of  volcanic  origin  have  extended  in 
appreciable  quantity  eastward  to  what  is  now  the  continental  watershed 
in  the  Ijaramide  range.  No  contemporaneous  volcanic  materials  havcj 
however,  been  observed  in  the  underlying  Bow  River  or  Nisconlith  series. 

The  beds  first  definitely  referred  to  the  Cambrian  in  the  Rocky  Moun- 
tain region  of  Canada  are  those  found  near  the  International  boundary 
in  the  vicinity  of  the  South  Kootenay  pas8.§  These  were  further  exam- 
ined at  a  later  date,  as  described  in  the  report  of  the  Geological  Survey 
of  Canada  for  1885,||  and  some  additional  observations  in  regard  to  them 
are  given  by  Mr  J.  McEvoy.^ 

*For  the  Selkirk  and  Adams  Lake  neriofl  see  references  above  given  for  Niseunlith  Heriea. 
t  Annual  Report,  Geol.  Siirv.  Can.,  vol.  vii  (N.  S.),  p.  35  B. 

I  Comprising  greenish  schittts  8,100  feet,  grayish  schiHts  17,100  feet.     In  Bull.  Oeol.  Soc.  Am., 
vol.  it,  p.  168,  the  thickness  is  given  in  error  at  half  the  >ihove. 
^Geology  and  Resources  of  the  49th  Parallel,  p.  68.    (ieol.  Mag.,  Decade  II,  vol.  iii,  p.  222. 
\  Pp.  'A9  B-42  B.  •  , 

f  Sommary  Report,  Geol.  Surv.  Can.,  J899,  p.  97  A. 
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A  thickness  of  at  least  11,000  feet  of  sandstones  and  shales  of  red,  gray, 
and  greenish  colors,  frequently  alternating  and  including  several  con- 
temporaneous trap  flows,  occurs  between  the  Continental  watershed  and 
the  Fjathead  river.  This  series  has  not  been  traced  into  connection  with 
the  sections  previously  described,  but  it  shows  some  resemblance  to  the 
Selkirk  and  Castle  Mountain  groups.  The  occurrence  of  blackish  cal- 
careous argillites  and  sandstones  at  the  base  may  indicate  the  presence 
of  the  Bow  River  series  there,  while  a  limestone  at  the  top  of  the  section 
in  this  part  of  the  mountains  may  prove  to  be  that  of  the  Castle  Moun- 
tain group.* 

Along  the  eastern  borders  of  the  Coast  ranges,  in  southern  British  Co- 
lumbia, is  a  very  considerable  v/)lume.of  argillites  with  some  limestone 
and  altered  volcanic  products,  all  more  or  less  schistose  or  slaty.  These 
were  originally  described  by  Selwynas  the  "Anderson  River  and  Boston 
Bar  group."  t  They  may  be  Cambrian,  but  it  has  not  yet  been  found 
possible  to  separate  them  from  newer  Paleozoic  rocks  with  which  they 
are  associated. 

Additional  Cambrian  areas  will  no  doubt  also  eventually  be  defined 
in  the  far  north,  including  some  of  the  rocks  met  with  on  the  Stikine 
and  Dease  rivers  and  in  the  Klondike  district.^ 

Ordovician  and  Silurian 

As  already  noted,  the  upperjpart^of  the  Castle  Mountain  group  in  the 
Laramide  range  contains  fossils  referable  to  the  Ordovician.  In  the  same 
western  part  of  the  range,  1,500  feet  or  less  of  black  shales  lies  above  these, 
containing  graptolites  that  have  been^ referred  to  the  Trenton-Utica 
fauna  by  Professor  Lapworth.g  The  same  graptolitic  fauna  was  found 
in  1887  on  the  Dease  river,  not  far  south  of  the  60th  parallel  of  latitude.|| 

Above  the  graptolitic  beds  in  the  Bow  Pass  section,  is  a  thickness  of  1,300 
feet  or  more  of  dolomites  and  quartzites,  containing  Halysites  catenuUUiis 
and  a  few^other  forms  that  are  believed  to  be  Silurian.^ 

The  above-mentioned  localities  are  the  only  ones  in  which  Ordovician 
or  Silurian  rocks  have  been  discovered  in  the  entire  region  under  review. 

Devonian 
East  of  the  continental  watershed,  on  the  Bow  pass,  Mr  McConnell's 

*  Annual  Report,  Geol.  Surv.  Can.,  vol.  I  (N.  S.),  pp.  50  B,  51  B. . 

t  Ibid.,  vol.  vii,  pp.  .18  B.  43  B. 

t  Ibid.,  vol.  iii  (N.  S.),  pp.  32  B,  94  B.  ;. Summary  Report,  Geol.  Surv.  Can.,  1899,  p.  18  A. 

g  Annual  Report,  Gool.  Surv.  Can.,  vol.  il,  (N.  8.),  p.  22  I). 

K  Ibid.,  vol.  iii,  p.  95  B. 

«f  Ibid.,  vol.  ii,  p.  21  D. 
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section  shows  a  thickness  of  1,500  feet  of  brownish- weathering  dolomitic 
limestones,  named  by  him  the  Intermediate  limestones,  that  from  their 
fauna  and  position  are  described  as  Devonian.'*'  They  pass  conformably 
upward  into  beds  of  the  Banfif  series,  which  are  regarded  as  Carboniferous 
in  the  main,  although,  as  so  commonly  occurs  in  the  Rocky  mountain 
r^ion,  they  appear  to  contain  also  a  certain  number  of  forms  usually 
referred  to  the  Devonian. 

A  few  fossils  supposed  to  be  distinctively  Devonian,  have  likewise 
been  found  in  several  other  isolated  localities  in  this  Laramide  range, 
and  as  the  Devonian  system  is  well  characterized  and  persistent  along 
the  Mackenzie  river,  as  well  as  in  the  Manitoba  region,  it  seems  probable 
that  a  continuous  zone  of  the  same  age  may  ultimately  be  traced  through- 
out the  eastern  parts  at  least  of  the  Laramide  range.  To  the  west  of  this 
range  no  distinct  evidence  of  rocks  of  Devonian  age  has,  however,  been 
obtained,  although  it  is  quite  probable  that  such  rocks  may  yet  be  found 
as  constituents  of  the  lower  part  of  the  Cache  Creek  formation  described 
below.f 

Carboniferous 

In  describing  the  rocks  of  this  period,  it  will  be  convenient  first  to  refer 
to  those  of  the  Bow  pass,  continuing  the  general  east-to-west  order  pre- 
viously followed,  but  premising  that  this  is  not  the  order  in  which  the 
respective  rock-series  have  actually  been  studied  or  named. 

The  mountains  of  the  eastern  part  of  the  Laramide  range,  in  the 
vicinity  of  the  Bow  pass,  are  largely  formed  of  the  Banff  Limestone 
series,  having  a  thickness  of  about  5,100  feet.  This  is  composed  of  two 
thicknesses  of  limestone,  separated  by  one  shal}'  zone,  and  the  whole 
capped  by  a  second  zone  of  shales.  The  aggregate  thickness  of  the  shales 
is  about  1,300  feet.  Below  the  Banff  series,  in  this  part  of  the  mountains, 
is  the  Intermediate  limestone,  already  noted,  and  above  it  is  the  Earlier 
Cretaceous,  resting  upon  it  without  any  apparent  unconformity.  J  Numer- 
ous fossils  have  been  obtained  from  the  limestones,  showing  their  position 
to  be  in  the  lower  part  of  the  Carboniferous  system,  passing  below  into 
Devono-Carboniferou8.§  Limestones  of  the  Banff  series  have  now  been 
recognized  in  many  localities  scattered  along  almost  the  entire  length  of 

•  Ibid.,  Tol.  i!,  p.  19  D. 

fThe  entire  field  of  the  Devonian  in  Canada  has  lately  been  reviewed  by  Dr  J.  F.  Whiteaves 
(see  Presidential  address,  Section  E,  Am.  Asisoc.  Adv.  Sci.,  1899). 

1  Annaat  Report,  Greol.  Surv.  Can.,  vol.  ii  (N.  S.),  p.  17  D. 

I  The  existence  of  Carboniferous  and  Devonian  fossils  in  this  range  was  first  made  known  many 
years  ago  by  Dr  (now  Sir  James)  Hector.     Exploration  of  British  North  America,  p.  239,  Quart 
Jour.  Geol.  Soc.,  vol.  vii,  p.  44.3. 
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the  Laraniide  range  in  Canada,  in  which  direction  the  conditions  of  d( 
osition  appear  to  have  been  uniform. 

Rocks  of  the  Carboniferous  period  are  probably  present  in  seve 
parts  of  the  system  of  Gold  ranges,  but  practically  no  paleontologi 
evidence  of  their  existence  has  yet  been  obtained."*^ 

Between  these  mountains  and  the  Coast  ranges,  however,  the  Carb< 
iferous  is  again  well  represented,  but  in  a  manner  very  different  from  tl 
found  in  the  Lararaide  range,  for  although  limestones  are  still  importa 
clastic  rocks  of  various  kinds,  with  great  masses  of  contemporane( 
volcanic  materials,  preponderate.  These  rocks  occupy  a  considera 
part  of  the  Interior  plateau  of  southern  British  Columbia,  and  run  nor 
westward,  with  practically  identical  characters,  far  into  the  Yukon  c 
trict,  probably  to  the  eastern  boundary  of  Alaska  and  beyond. 

Fossils  referable  to  the  Carboniferous  period  are  found  sparingly 
association  with  them,  particularly  Fmxdinm^  and  none  of  distinctiv 
older  or  more  recent  date  have  been  discovered.  At  the  same  time,  i 
not  improbable  that  the  series  may  include  in  its  lower  part  beds  ol 
than  the  Carboniferous,  and  possible  that  its  upper  beds  may  be  ne 
than  those  of  that  system.  Its  constant  characters,  however,  rendc 
appropriate  to  attach  a  distinctive  name  to  the  series,  which  has  coi 
quently  been  designated  the  Cache  Creek  series,  with  the  understand 
that  should  any  part  of  it  subsequently  be  discovered  to  be  separa 
paleontologically ,  the  name  will  be  retained  for  the  Carboniferous  port 
This  name  is,  in  fact,  somewhat  more  important  than  a  purely  local  i 
being  intended  to  denote  a  peculiar  development  of  the  Carbonifei 
system,  well  deAned  in  its  nature  and  characterizing  a  wide  middle  2 
in  the  northern  part  of  the  Cordilleran  belt,  but  of  which  the  upper 
lower  limits  still  remain  somewhat  indefinite. 

The  name  is  one  of  those  of  Selwyn's  preliminary  classification,  wl 
Lower  and  Ui)per  Cache  Creek  groups  are  described,  the  term  **  Ma 
Canyon  limestones  "  being  given  as  an  alternative  for  the  latter, 
division  into  lower  and  upper  parts  on  lithological  grounds  is  still 
ognized,  but  later  investigations  and  the  proved  Carboniferous  ac 
both  parts  have  since  caused  the  whole  to  be  referred  to  as  a  single  «j 
group.t 

The  composition  and  approximate  thickness  of  the  Cache  Creek  st 
are  best  known  in  the  area  of  the  Kamloops  map-sheet,  where  it 
be  briefly  characterized  as  follows :  The  lower  division  consists  of  a 
lites,  generally  as  slates  or  schists,  cherty  quartzites  or  hornstones, 

*  Summary  Reports,  Geol.  Surv.  Cud.,  18i)5,  p.  24  A  ;  1896,  p.  22  A ;  1897,  p.  29  A. 
tSoe  Report  of  Progress,  Geol.  Surv.  Can.,  l871-'72,  pp.  62,  60,  61  ;    also  Annual  R«port. 
Surv.  Can.,  vol.  vii  (N.  S.),  p.  32  B  et  eeq. 
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canic  materials  with  serpentine  and  interstratified  limestones.  The 
volcanic  materials  nYe  most  abundant  in  the  upper  -part  of  this  division, 
largely  constituting  it.  The  minimum  volume  of  the^  strata  of  this 
division  is  about  6,500  feet.  The  upper  division,  or  Marble  Canyon 
limestones,  consists  almost  entirely  of  massive  limestones,  but  with 
occasional  intercalations  of  rocks  similar  to  those  characterizing  the 
lower  part.    Its  volume  is  about  3,000  feet. 

The  total  thickness  of  the  group  in  this  region  would  therefore  be 
about  9,500  feet,  and  this  is  regarded  as  a  minimum.  The  argillites  are 
generally  dark,  often  black,  and  the  so-called  cherty  quartzites  are  prob- 
ably often  silicified  argillites.  The  volcanic  members  are  usually  much 
decomposed  diabases  or  diabase-porphyrites,  both  effusive  and  frag- 
mental,  and  have  frequently  been  rendered  more  or  less  schistose  by 
pressure.  The  serpentine  beds  are  associated  with  these  volcanic  rocks, 
and  have  evidently  resulted  from  the  alteration  of  some  of  them.  The 
limestones  of  both  lower  and  upper  divisions  hold  Fusulina  and  a  few 
other  distinctive  Carboniferous  fossils,  but  in  the  Marble  Canyon  lime- 
stone the  most  characteristic  form  is  the  large  foraminifer  known  as 
Loftusia  cdumbiana,  entire  beds  being  made  up  of  its  d^bris.t 

Fusuline  limestones  have  now  been  found  in  a  number  of  places  in 
the  central  zone  of  the  Cordillera  throughout  the  length  of  British  Co- 
lumbia and  beyond  the  60th  parallel,  its  northern  boundary.  Where 
these  occur  the  clastic  and  volcanic  rocks  associated  with  them  may  be 
definitely  referred  to  the  Cache  Creek  group,  but  in  consequence  of 
the  great  resemblance  of  its  volcanic  rocks  to  those  of  the  Triassic 
(as  mentioned  later),  it  is  often  impossible,  without  close  study,  to 
define  the  area  occupied  by  this  group,  and  its  separate  mapping  has 
only  as  yet  been  attempted  in  detail  over  comparatively  small  areas.  X 

In  the  southern  part  of  British  Columbia,  the  Cache  Creek  group 
shows  some  evidences  of  littoral  conditions  toward  the  west  slopes  of 
the  Gold  ranges,  probably  indicating  the  existence  of  land  areas  there. 
In  this  vicinity  also  the  Campbell  Creek  beds,  a  somewhat  peculiar 
development  of  argillites,  graywackes,  and  amphibolites,  occur.  § 

The  granitic  Coast  ranges  of  British  Columbia  are  much  later  in  date 
of  origin  than  the  Carboniferous,  but  some  of  the  highly  altered  beds 
now  included  in  them  or  found  along  their  margins  are  undoubtedly  of 
that  period.    To  the  west  of  these  ranges,  on  Vancouver  island  and  in 


*Ibid^p.  46B. 

t  Quart.  Joar.  Geol.  Soc,  ▼ol.  zxxv,  p.  69. 

t  Areas  included  in  the  Kamloops  and  Shaswap  map-sheets,  coyerinf;  together  12,800  square 
milen. 
2  Annual  Report,  Oeol.  Surv.  Can.,  yol.  vii  (N.  S.>,  p.  44  B. 
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its  vicinity,  as  well  as  on  the  Queen  Charlotte  islands,  are  rocks  very 
similar  in  composition  to  those  of  the  Cache  Creek  of  the  interior,  but 
still  differing  somewhat  from  these  in  aspect.  They  comprise  lime- 
stones and  volcanic  accumulations  preponderantly,  with  occasional 
zones  of  argillite.  The  liraesitones  are  usually  in  the  form  of  marbles, 
often  coarsely  crystalline,  but  from  them  a  few  fossils  referred  to  the 
Carboniferous  period  have  been  obtained.  The  volcanic  materials  in- 
clude amygdaloids,  agglomerates,  and  tuffs,  but  are  often  converted  to 
schists,  and  sometimes  become  mica-schists  or  imperfect  gneisses,  as  in 
the  vicinity  of  Victoria.  Their  degree  of  alteration  is  very  different 
locally,  and  their  aspect  consequently  varies  much  from  place  to  place, 
but  on  the  whole  they  evidence  conditions  of  deposition  much  like 
those  of  the  Cache  Creek  group.*  They  have  unfortunately  not  yet 
been  made  the  subject  of  any  detailed  study,  and  they  are  again  in- 
volved with  Triassic  strata  closely  resembling  them  in  aspect 

Triassic 

In  my  report  for  1877 1  the  existence  in  British  Columbia  of  rocks 
shown  by  their  fossils  to  be  referable  to  the  Triassic  was  made  known, 
and  these  rocks,  as  developed  in  the  Interior  plateau  region,  were  named 
the  Nicola  series  or  formation.  This  rests,  at  least  in  some  places,  un- 
conformably  upon  the  Carboniferous,  and  no  rocks  representing  the 
Permean  period  have  been  identified.  The  Nicola  formation  is,  how- 
ever, chiefly  composed  of  volcanic  materials,  the  intercalated  limestones 
or  argillites  in  which  fossils  are  occasionally  found  being  few  and  far 
between.  The  greater  part  of  its  mass  is  undoubtedly  Triassic,  but  the 
highest  beds  in  a  few  places  have  yielded  a  small  fauna  that  is  referred 
by  Professor  Hyatt  to  the  Lower  Jurassic.    All  the  fossils  are  marine.J 

Partial  sections  of  the  Nicola  formation  have  been  obtained  in  a  num- 
ber of  places,  but  its  study  is  attended  with  difficulty,  owing  to  the  very 
massive  and  uniform  character  of  the  most  of  its  rocks,  the  region  cov- 
ered by  it  being  best  characterized  as  one  of  "  greenstones."  These  rocks 
often  closely  resemble  those  of  the  Carboniferous,  and  in  some  places  it 
is  not  easy  to  separate  them,  on  the  other  hand,  from  the  older  Tertiary 
volcanic  materials.  Lithologically  the  rocks  are  chiefly  altered  diabases 
of  green,  gray,  blackish,  and  purplish  colors.  In  regard  to  state  of  ag- 
gregation, they  comprise  effusives  (often  amygdaloidal),  agglomerates, 
and  tuffs,  the  latter  showing  evidence  of  subaqueous  deposition  through- 

•Geol.  Mag.,  Decade  II,  vol.  viii,  p.  219. 
t  Report  of  ProgresH,  Geol.  Surv.  Can.,  1877-78. 

X  Fossils  of  the  Triassic  rocks  of  British  Columbia,  J.  F.  Whiteaves,  Contributions  to  Canadian 
Paleontology,  vol.  i.  part  2.    Annual  Report,  Geol.  Surv.  Can.,  vol.  vii  (N.  S.),  p.  49  B  et  seq. 
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out  the  entire  series.  The  tuf&  are  occasionally  calcareous,  and  there 
are  some  thin  and  probably  irregular  beds  of  limestone,  with  infrequent 
layers  of  argillite.  The  most  complete  section  so  far  obtained  is  one  on 
the  Thompson  river,  showing  a  total  thickness  of  13,590  feet;  another 
near  Nicola  lake  gives  a  probable  mioiraum  of  7,500  feet,  and  in  both 
places  more  than  nine-tenths  of  the  whole  is  of  volcanic  origin. 

The  Nicola  formation,  with  the  characteristics  above  noted,  is  well  de- 
veloped in  the  central  parts  of  the  Interior  plateau  of  British  Columbia, 
and  it  probably  extends  far  to  the  north  in  the  same  belt  of  country  be- 
tween the  Coast  and  Gold  ranges,  but  in  the  general  absence  of  paleon- 
tological  evidence,  can  not  there  as  yet  be  separated,  even  locally,  from 
the  Paleozoic* 

To  the  west  of  the  Coast  ranges,  and  now  entirely  separated  from  the 
Nicola  formation  by  the  granitic  mass  of  these  ranges  of  later  age,  Triassic 
rocks  are  again  found  largely  developed  in  the  Queen  Charlotte  islands 
and  on  Vancouver  island.  They  were  described  and  identified  in  the 
Queen  Charlotte  islands  in  1878,  and  in  1885,  when  again  found  cover- 
ing large  areas  in  the  northern  part  of  Vancouver  island,  were  defined 
as  the  Vancouver  series.t 

These  rocks  closely  resemble  those  of  the  Nicola  formation,  with  which 
they  may  probably  at  the  time  of  their  deposition  have  been  continuous. 
The  series  is  built  up  for  the  most  part  of  volcanic  materials,  now  in 
the  state  of  altered  diabases  and  felsites,  but  amygdaloidal,  agglomeratic, 
or  tuffaceous  in  character.  Ordinary  sedimentary  materials,  such  as 
argillites,  limestones,  and  felsites,  are,  however,  more  abundant  than  in 
the  Nicola  formation.  These  probably  recur  at  several  different  hori- 
zons, but  in  the  northern  part  of  Vancouver  island  they  are  known  to 
form  an  important  zone,  with  a  thickness  of  about  2,500  feet.J  Marine 
fossils  are  abundant  in  some  of  these  beds. 

This  group  is  of  great  thickness,  but  no  trustworthy  figures  can  yet 
be  given  for  it.  It  is  associated  often  with  the  very  similar  rocks  of  the 
Carboniferous  period,  already  referred  to  as  existing  in  the  same  oro- 
graphic belt,  and  it  yet  remains  to  draw  a  distinct  line  between  the  two 
series.  Following  the  coastal  region  northward,  rocks  pretty  clearly 
referable  to  this  formation  have  been  noted  in  several  places  among  the  | 

Alaskan  islands  as  far  up  as  Lynn  canal.  j 

To  the  north  of  the  56th  degree  of  latitude,  it  would  appear  that  the  j 

•  Annual  Report,  Oeol.  Siirr.  Can.,  vol.  iii  (N.  8.),  p.  :)3  B.  *  i 

t  Report  of  Progreu,  Geol.  Surv.  Can.,  1878-'79,  p.  49  B.    Annual  Report,  Geol.  Surr.  Can.,  toI. 

h  ( N.  8.),  p.  7  B  et  seq.    The  rocks  named  the  Sooke  series,  in  1876,  may  probably  also  be  included 

in  the  VancooTer  series.     Report  of  Progress,  Geol.  Surv.  Can.,  l870-'77,  pp.  98-102. 
X  The  same  sone  is  probably  represented  in  the  southern  part  of  the  Queen  Charlotte  islands. 

XII— Bull.  Gkol.  Soc.  Am..  Vol.  12.  1900 
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Triassic  sea  extended  eastward,  without  important  interruption,  across 
the  entire  Cordilleran  region,  as  marine  fossils  like  those  of  the  Van- 
couver group  have  been  found  not  only  on  the  Stikine  (in  the  trend  of 
the  Nicola  formation),  but  also  on  the  Liard,  Peace,  and  Pine  rivers  in 
the  Laramide  range.*  In  the  last-named  range,  however,  there  is  no 
evidence  of  contemporaneous  volcanic  action,  which,  it  is  probable,  did 
not  extend  so  far  to  the  eastward. 

Following  the  Laramide  range  southward  from  the  occurrences  last 
alluded  to,  there  is  a  considerable  interval  in  which  no  Triassic  rocks 
have  been  recognized,  after  which,  in  the  vicinity  of  the  49th  parallel, 
a  series  of  red  sandstones  and  shales,  with  buff  magnesian  grits,  three  or 
four  hundred  feet  thick,  is  found.  This  caps  a  number  of  the  higher 
mountain  ridges  and  was  assigned  by  me  in  1875  to  the  Triassic.  It  is 
believed  to  represent  the  northern  extremity  of  the  deposits  of  the  Tri- 
assic Mediterranean  that  occupied  so  large  a  part  of  the  Western  states 
and  which  must  have  been  separated  from  the  open  sea  by  land  barriers 
of  some  width.t 

Cretaceous 

Apart  from  the  beds  capping  the  Nicola  formation,  to  which  allusion 
has  been  made,  no  strata  distinctly  referable  to  the  Jurassic  have  been 
found  in  the  Rocky  Mountain  region  of  Canada.  Wherever  their  rela- 
tions have  been  determined,  the  Cretaceous  rocks  lie  unconformably  on 
the  Nicola  and  Vancouver  formations,  and  it  seems  probable  that  this 
unconformity  represents  the  greater  part  of  the  Jurassic  period.  It  is 
proper,  however,  to  state  that  the  lower  measures  here  included  in  the 
Cretaceous  are  still  by  some  authorities  called  Jurassic ;  but  it  is  be- 
lieved that  the  paleontological  evidence,  when  compared  with  the  best 
recognized  general  standards  (and  not  merely  with  local  isolated  devel- 
opments to  which  a  Jurassic  age  happens  to  have  been  assigned),  is 
overwhelmingly  in  favor  of  the  Cretaceous  reference.! 

There  is  in  the  region  here  treated  of  an  important  Earlier  Cretaceous 
series  of  rocks,  mostly  of  marine  origin,  the  distribution  of  which  shows 


^Annual  Report,  Geol.  Surv.  Can.,  vol.  iii  (N.  S.),  p.  MB.  Ibid.,  vol.  iv,  p.  19  D.  Report  of 
Progress,  Geol.  Surv.  Can.,  1876-'76,  p.  07.    Bull.  Geol.  Soc.  Am.,  vol.  v,  p.  122. 

t  Geology  and  Reaources  of  49th  Parallel,  1875,  p.  71.  Trans.  Royal  Soc.  Can.,  vol.  i,  sec.  iv,  p.  143 
et  seq. 

X  Cf.  Whiteaves :  Mesoxoic  Foesils,  vol.  i,  part  iv,  1900. 

In  a  late  article  in  the  Journal  of  Geology  (Chicago),  voh  viii,  pp.  246-258,  Mr  W.  N.  Logan 
groups  the  Jurassic  beds  found  at  the  summit  of  the  Nicola  group  {not  at  Nicola  lake)  with  part8 
of  the  Queen  Charlotte  and  Kootanie  formations,  here  described  as  Earlier  Cretaceous,  and  which 
we  have  found  no  reason  to  separate  from  the  rest  of  that  series,  calling  the  whole  Jurassic  By 
so  doing  he  vivos  a  large  part  of  the  area  of  the  Earlier  Cretaceous  sea  to  the  Jurassic,  in  a  man- 
ner which  I  believe  to  be  incorrect  (cf.  Am.  Jour.  ScJ.,  vol.  xxzvlii,  p.  121). 
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that  (except  in  the  southern  part  of  British.Columbia),  the  Pacific  at  this 
time,  as  in  the  later  Triassic,  extended  to  the  eastward  quite  across  the 
Cordilleran  belt.  In  different  parts  of  the  region  these  rocks  have  been 
included  under  two  names — the  Queen  Charlotte  Islands  and  Kootanie 
formations.  The  former,  applied  at  first  particularly  to  the  Earlier  Cre- 
taceoQs  of  the  coast,  has  been  extended  to  cover  that  of  the  whole  west- 
ern part  and  interior  of  the  Cordillera.  The  latter  is  used  to  denote  the 
Earlier  Cretaceous  of  the  Laramide  range  and  its  vicinity,  which  differs 
considerably  in  character.* 

In  the  Queen  Charlotte  islands  we  have  the  clearest  succession  of  beds 
and  the  largest  and  best  studied  representation  of  marine  organic  re- 
mains. The  entire  Cretaceous  section  as  known  on  these  islands  is  as 
follows,  in  descending  order :  f 

(A)  Upper  shales  and  sandstones 1,500  feet. 

(B)  Coarse  conglomerates 2,000    ** 

(0)  Lower  shales  and  sandstones  (with  coal) 5,000 

(D)  Agglomerates 3,500 

(£)  Lower  sandstones 1,000 


13,000  feet. 

It  is  the  three  lower  members  of  this  section  that  are  regarded  as  com- 
posing the  Queen  Charlotte  Islands  formation.  Subdivision  C  contains 
the  greater  number  of  fossils,  eighty-nine  species  of  invertebrates  having 
now  been  described  from  it,J  and  most  of  the  forms  found  in  subdi- 
vision E  are  identical  with  these.  The  intervening  agglomerates,  of  vol- 
canic origin,  may  be  local,  and  in  any  case  probably  represent  but  a 
comparatively  short  space  of  time.  The  overlying  subdivisions,  A  and  B, 
are  believed  to  be  Upper  Cretaceous  and  approximately  equivalent  to 
the  Niobrara,  Benton,  and  Dakota  of  the  interior  portions  of  North 
America. 

In  the  southern  part  of  British  Columbia,  east  of  the  Coast  ranges 
( which  are  at  least  in  great  part  of  subsequent  origin),  the  Earlier  Cre- 
taceous rocks  of  the  Queen  Charlotte  islands  are  represented  in  the 
Tatlayoco  beds  (7,000  feet),  Nechacco  beds  (6,000  feet),  Skeena  beds, 
Skagit  beds  (4,400  feet  or  more),  and  Jackass  Mountain  beds  (5,000  feet). 
These  inland  terranes  of  the  southwestern  part  of  British  Columbia  are 
clearly  comparable  with  the  ^'Shastat  group"  of  California  and  Oregon, 
and  the  fauna  most  abundantly  represented  in  them  is  that  of  the  Knox- 

•  Th©  facts  in  regard  to  these  rocks  ure  somewhat  fully  sammarized  in  Am.  Jour.  Sci.,  vol. 
zxxriii,  p.  120  et  seq.,  and  in  Annual  Report.  Geol.  Surv.  Can.,  vol.  vii  (N.  S.),  1894,  p.  02  B  et  seq., 
where  numerous  referenoes  to  the  literature  may  be  found. 

f  Report  of  Progress,  Geol.  Surv.  Can.,  1878-*79,  p.  tXi  B. 

I  Mesozoic  Fossils,  vol.  i,  part  iv  (1900),  p.  305. 
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ville  or  lower  division  now  made  of  that  group,  the  characteristic  Aticella 
of  which  is  often  the  commonest  fossil.*  In  the  northern  part  of  the 
province,  between  the  55th  and  68th  parallels  of  latitude,  rocks  chiefly 
referable  to  this  period  have  lately  been  found  to  characterize  a  wide  area 
of  country  east  of  the  Coast  ranges,  and  here,  as  well  as  in  the  south, 
they  frequently  hold  coal. 

On  Tatlayoco  lake,  the  beds  of  the  same  luime  are  found  to  be  under- 
lain in  apparent  conformity  by  rocks  of  volcanic  origin,  to  which  the 
name  "  Porphyrite  series  "  was  originally  applied.f  No  fossils  have  been 
found  in  thesp,  but  the  similarly  constituted  Iltasyouco  beds  (latitude 
53°)  contain  molluscs  that  are  now  referred  by  Dr  Whiteaves  to  the 
Queen  Charlotte  formation.];  Ash  beds  containing  similar  fossils  have 
been  discovered  on  the  Skeena  to  the  east  of  the  Coast  ranges,  and  it  is 
thus  evident  that  vulcanism  played  an  important  part  in  this  Earlier 
Cretaceous  time,  not  only  in  the  Queen  Charlotte  islands,  but  also  further 
to  the  eastward. 

Fossils  representing  the  same  Earlier  Cretaceous  period  have  been  found 
in  late  years  far  to  the  north,  in  the  Yukon  basin,  on  the  Lewes  river, 
and  on  the  Porcupine,  beyond  the  Arctic  circle.§ 

The  Kootanie  formation  was  so  named  and  characterized  as  Lower 
Cretaceous,  because  of  its  peculiar  flora,  by  Sir  J.  VVm.  Dawson  in  1885.|| 
It  represents  the  Earlier  Cretaceous  of  the  Laramide  region  in  Canadian 
territory,  and  has  since  been  found  to  extend  a  considerable  distance  into 
Montana.  Its  typical  area  is  sepamted  from  the  Cretaceous  of  the  wes- 
tern part  of  British  Columbia  by  the  Selkirk  and  other  ranges  that  ap- 
])ear  to  have  existed  as  dry  land  at  this  time.  It  no  doubt  blends  with 
the  Queen  Charlotte  formation  further  to  the  north,  and  it  may  event- 
ually be  found  that  no  useful  line  can  be  maintained  between  the  two 
formations.  The  Kootanie  seems,  however,  to  have  been  for  the  most 
part  deposited  in  a  fresh  or  brackish  water  basin,  and  for  some  years 
scarcely  any  marine  forms  were  known  to  occur  in  it.^    A  number  of 


*  Annual  Report,  Geol.  Surv.  Can.,  vol.  vii  (N.  9.),  p.  64  B. 

t<}c»ol.  Mag.,  Decade  II,  vol.  iv,  July,  1877. 

X  OriRinally  described  m  Jiirawsic.  See  (teol.  Mag.,  Decade  Il.vol.vlll,  p.  218,  and  Dr  Whiteaves  on 
the  "  Cretaceous  syntem  in  CanHda,"  Trans.  Roy.  Soc.  Can.,  vol.  xi,  sec.  iv  (1893).  For  descriptions 
of  invertebrate  fossils  of  the  Cretat^eous,  see  especially  the  following  works  by  Dr  J.  F.  Whiteavea  : 
Mesozoic  Fossils,  vol.  i,  parts  1,  2,  a,  and  4;  Contributions  to  Canadian  Paleontology,  vol.  I,  part  2; 
Trans.  Roy.  Soc.  Can.,  vol.  i,  sec.  Iv.  p.  81 ;  ibid,  (second  series),  vol.  i,  pp.  101. 119. 

^  Annual  Report,  Ge<»l.  8urv.  Can.,  vol.  iii  (N.  9.),  p.  36  B.     Ibid.,  vol.  ix,  pp.  21  D,  124  D.  et  »eq. 

I  Science,  vol.  v,  p.  :>31.  Trans.  Roy.  Soc.  Can.,  vol.  iii,  sec.  iv.  For  descriptions  of  Cretaceous 
plants  see  particularly  the  following  papers  by  Sir  J.  Wm.  Dawson,  in  Trans.  Roy.  Soo.  Can. :  Cre- 
taceous and  Tertiary  Floras  of  British  Columbia,  vol.  i  (1882) ;  Mesoxoic  Floras  of  the  Rocky 
Mountain  Region,  vol.  iii  (1895) ;  Correlation  of  Early  Cretaceous  Floras,  etc.,  vol.  x  (1892) ;  New 
Cretaceous  plants  from  Vancouver  Island,  vol.  zi  (1893). 

f  Annual  Report,  Geol.  Surv.  Can.,  vol.  i  (N.  8.),  p.  162  B.  • 
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marine  molluscs  have,  however,  since  been  found  at  the  base  of  the  for- 
mation, in  the  Devils  I^ke  deposits,  not  far  north  of  the  Bow  river,  and 
these  Dr  Whiteaves  has  provisionally  referred  to  the  age  of  the  fossil- 
iferous  beds  of  Queen  Charlotte  islands,  thus  apparently  confirming 
the  general  correlation  already  indicated  by  the  fossil  plants. 

Tlie  Kootanie  consists  of  alternating  sandstones  and  shales  with  some 
thin  bands  of  limestone  toward  the  base  and  holding  in  parts  of  its  ex- 
tent numerous  and  thick  seams  of  bituminous  and  anthracite  coal,  the 
latter  occurring  where  it  has  been  closely  included  in  the  mountain  fold- 
ing. Its  thickness  is  about  7,000  feet,  including  only  that  part  of  the 
general  section  characterized  by  its  fossils.  Above  this  is  a  thickness  of 
4,000  or  5,000  feet,  largely  made  up  of  conglomerates  that  are  supposed 
to  represent  the  Dakota  group.  • 

Conglomerates  occupying  about  the  same  stratigraphical  position  in 
the  Queen  Charlotte  islands  have  already  been  alluded  to,  and  similar 
important  conglomerates  attached  to  or  closely  associated  with  the 
£arlier  Cretaceous  have  been  found  in  many  places  on  the  mainland  of 
British  Columbia  and  northward  to  the  Yukon  district.  These  con- 
glomerates appear  throughout  to  be  approximately  contemporaneous  | 
and  are  believed  to  be  of  more  than  local  significance.  They  evidently 
mark  a  time  of  wide  subsidence  and  of  shorelines  advancing  on  the 
land,  and  it  was  at  this  time  that  the  Cretaceous  Dakota  sea  spread  itself 
eastward  ajcross  the  interior  plain  of  the  continent. 

In  the  Fraser  valley  east  of  the  Coast  ranges,  in  addition  to  the  occur- 
rence of  the  conglomerates,  the  existence  of  beds  of  about  the  period  of 
the  Dakota  is  shown  by  the  discovery  of  a  few  fossil  plants;*  but  no 
evidence  of  higher  members  of  the  Cretaceous  has  been  found  in  the 
inland  region  to  the  west  of  the  Selkirks,  although  it  is  probable  that 
such  members  are  represented  further  north,  in  the  Yukon  districlr. 

From  a  systematic  point  of  view,  it  appears  to  be  desirable  to  confine 
the  Elarlier  Cretaceous,  or  Queen  Charlotte  formation,  to  rocks  below  the 
Dakota ;  but  it  will  be  understood  that,  over  a  considerable  part  of  the 
inland  country,  the  earlier  rocks  are  intimately  associated  with  those  of 
about  Dakota  age,  and  that  where  those  of  still  later  date  are  not  pres. 
ent,  the  most  natural  break,  and  one  coinciding  with  some  notable 
physical  change,  would  be  above  the  Dakota. 

Beds  referred  to  the  Upper  Cretaceous  f  in  the  Queen  Charlotte  Islands 
section  have  already  been  alluded  to.  Collectively  it  is  supposed  that 
the  two  upper  members  of  that  section  represent  the  Dakota,  Benton, 


•AnnoAl  Report,  Oeol.  Surv.  Can.,  vol.  vli  (N.  S.),  p.  148  B. 

t  For  refereDceB  in  regard  to  the  Upper  Cretaceous  see  Geol.  Mag.,  Decade  II,  toI.  riii,  p.  216 ;  also 
Am.  Jour.  Sci.,  toI.  zxziz  (1890'',  p.  180  et  seq. 
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and  Niobrara.  In  foUowiuiir  the  coast  southeastward  from  the  Queen 
Charlotte  islands,  the  local  base  of  the  Cretaceous  rocks  is  found  at 
progressively  higher  horizons  in  that  system.  The  two  lowest  members 
of  the  Queen  Charlotte  section  are  wanting  in  the  northern  part  of  Van- 
couver island,  and  farther  on,  in  the  Comox  and  Nanaimo  coal  fields,  the 
base  of  the  measures  is  approximately  equivalent  to  the  highest  part 
of  the  Queen  Charlotte  Islands  section. 

The  Cretaceous  section  at  Comox  has  been  divided  on  lithological 
grounds  into  seven,  that  at  Nanaimo  into  three,  members  by  Mr  J. 
Richardson.  While  unnecessary  to  refer  to  these  in  detail  here,  it  may 
be  stated  that  they  correspond  pretty  closely,  and  that  the  well  marked 
and  abundant  fauna  and  flora  of  the  Upper  Cretaceous  of  the  coast  of 
British  Columbia  characterizes  the  four  Jower  subdivisions  at  Nanaimo 
and  the  two  lower  subdivisions  at  Comox,  the  thickness  of  the  strata 
being  estimated  at  2,715  and  2,020  feet  respectively.  These  subdivisions 
have  been  united  under  the  name  of  the  Nanaimo  group,*  and  this  is 
believed  to  be  almost  exactly  equivalent  to  the  Chico  of  California  and 
at  least  approximately  to  the  Pierre  of  the  Great  plains.  At  both 
Nanaimo  and  Comox  the  workable  coal  seams  occur  in  the  lowest  sub- 
division of  this  group. 

As  already  noted,  beds  referable  to  the  Upper  or  later  Cretaceous  are 
known  to  occur  in  the  far  north.  The  fossils  indicate  a  horizon  at  least 
as  high  as  that  of  the  Benton,  and  it  is  ver}'  probable  that  further  in- 
vestigation may  disclose  the  existence  of  a  complete  ascending  series, 
like  that  found  in  the  Laramide  range  and  its  adjacent  foothills  to  the 
east. 

In  the  Laramide  range,  the  Upper  Cretaceous  includes  representatives 
of  all  the  Cretaceous  groups  of  the  Great  plains,  but  generally  with  more 
massive  developments  and  altered  characters,  resulting  from  proximity 
to  an  extensive  land  surface  to  the  westward,  from  which  abundant  and 
often  coarse  sediments  were  derived.  This  is  particularly  notable  in  the 
case  of  the  Dakota,  to  which  allusion  has  already  been  made  in  connec- 
tion with  the  Kootanie.  It  may  here  be  added  that  contemporaneous 
volcanic  materials,  with  a  thickness  of  over  2,000  feet  in  one  locality, 
have  been  found  in  this  group  in  the  eastern  part  of  the  Crows  Nest  pass.t 

The  aggregate  thickness  of  the  Upper  Cretaceous  in  the  southern  part 
of  the  Laramide  range  (including  the  lower  portion  of  the  Laramie,  which 
may  be  regarded  as  Cretaceous)  is  found  to  be  about  10,000  feet;^  It  is 
unnecessary,  however,  to  do  more  than  allude  to  this  section  here,  as  it  is 


♦  Am.  Jour.  8ci.,  loc.  oit. 

t  Annual  Report,  Geol.  Surv.  Can.,  vol.  i  (N.  S.),  p.  G9  B. 

X  n>id.,  p.  1C6B. 
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more  properly  to  be  regarded  as  the  western  margin  of  the  Cretaceous  of 
the  plains  than  as  characteristic  of  the  Cordilleran  region.  Its  characters 
hare  been,  moreover,  quite  adequately  summarized  elsewhere,  particu- 
larly by  Dr  Whiteaves  in  his  paper  previously  referred  to. 

The  Laramie  is  regarded  as  a  series  transitional  between  the  Cretaceous 
and  Tertiary,  and  in  the  Laramide  range  and  its  foothills  passes  up  from 
a  brackish-water  to  a  purely  fresh-water  deposit.  No  beds  probably 
referable  to  this  time  have  been  found  between  this  range  and  the  Pacific 
coast  in  the  entire  southern  part  of  British  Columbia,  but  in  the  extreme 
north  of  that  province,  some  deposits  apparently  referable  to  the  Upper 
Jjaramie  occur,*  while  it  is  also  present  in  considerable  volume  in  parts 
of  the  Yukon  district.t 

On  the  Pacific  coast,  the  Puget  group  of  Washington  has  been  referred 
with  probability  to  the  period  represented  by  the  Laramie,  and  rocks  of 
this  group  have  a  somewhat  extensive  development  about  the  estuary  of 
the  Fraser,  with  a  thickness  of  at  least  3,000  feet.  They  appear  to  have 
been  deposited  in  fresh  or  brackish  water,  and  hold  some  beds  of  lignite. { 
The  upper  subdivisions  of  the  Nanaimo  and  Comox  sections,  from  which 
no  distinctive  organic  remains  have  yiBt  been  obtained,  may  also  prove 
to  represent  the  Puget  group,  or  the  marine  Tejon  of  California,  which 
is  perhaps  no  lower. 

Tertiary 

# 

It  has  been  convenient  to  refer  to  the  Laramie  as  a  whole  in  connec- 
tion with  the  Cretaceous,  although  the  Upper  Laramie  is  regarded  as 
Eocene.  The  Puget  beds  of  the  Praser  estuary  and  Burrard  inlet,  just 
alluded  to,  have  always  been  described  as  Tertiary,  and  were  for  a  long 
time  regarded  as  Miocene. 

Subsequent  to  the  Cretaceous  period  and  the  great  orogenic  movements 
that  accompanied  its  close,  the  physical  conditions  in  the  Rocky  Moun- 
tain region  of  Canada  became  much  more  like  those  existing  today.  The 
Eocene  appears  for  the  most  part  to  have  been  a  time  of  denudation,§  but 
later  Tertiary  deposits  occur  in  many  places  and  often  in  extensive  de- 
velopment. On  the  coast  these  are  usually  marine,  but  no  marine  beds 
have  been  found  to  the  east  of  the  Coast  ranges,  although  it  seems  possible 
that  evidence  may  yet  be  found  in  the  north  of  the  extension  of  the  sea  at 
this  tinie  as  far  east  as  the  upper  Cana  d  ian  portion  of  the  Yukon  basin. 

•  Ibid.,  ▼ol.  ▼!!,  p.  35  c. 
t  Ibid.,  vol.  iif,  p.  149  B. 

t  Am.  Joar.  Sci.,  toI.  zxziVi  p.  182.    For  descriptions  of  plaDts  see  Trans.  Royal  Soc.  Can.,  second 
series,  Tol.  i,  sec.  iv  (1895),  p.  135. 
I  Tranji.  Royal  Soc.  Can.,  vol.  viii,  see.  iv,  p.  11. 
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The  Tertiary  sediments  of  the  interior  are  chiefly  those  of  lake  basins,  large 
or  small,  but  the  great  mass  of  the  Tertiary  rocks  is  composed  of  volcanic 
materials,  a  circumstance  accounting  for  the  general  paucity  of  organic 
remains,  which,  together  with  the  isolated  positions  of  the  known  fossil- 
iferous  localities,  renders  it  very  difficult  to  build  up  a  satisfactory  and 
connected  section  of  the  Tertiary  formations.* 

Some  progress  has,  however,  been  made  in  this  respect,  particularly 
in  the  southern  part  of  the  Interior  plateau  of  British  Columbia,  where 
the  following  scheme,  which  may  be  taken  as  a  term  of  reference  for  the 
whole  inland  regicm,  has  been  arrived  at.f    The  order  is  descending: 

Feet 

LcUer  Miocene.  Upper  Volcanic  group  (maximum  thickness) 3,100 

Tranquille  beds  (maximum  thickness) 1,000 

Earlier  Miocene,  Lower  Volcanic  group  (maximum  thickness   apart    from 

centers  of  eruption) , 6,300 

Oligocene.  Coldwater  group  (at  Hat  creek) 6,000 

14,400 

Beginning  with  the  oldest  member  of  the  above  section,  it  may  be  ex- 
plained that  more  or  less  isolated  series  of  beds  in  different  parts  of  the 
Interior  plateau  region  have  lately  been  classed  together  provisionally 
as  the  Coldwater  group.  These  resemble  each  other  lithologically,  and 
all  appear  to  antedate  the  beginning  of  Tertiary  volcanic  action  in  this 
part  of  the  region.  One  of  their  developments,  from  which  the  greatest 
number  of  fossils  has  been  derived,  has  frequently  been  referred  to  in 
earlier  publications  as  the  ''  Similkameen  beds,"  but  the  name  Coldwater 
group  is  preferred  as  a  general  one,  including  these  as  a  local  develop- 
ment. From  the  Similkameen  beds,  plants,  insects,  and  a  few  fish  re- 
mains have  been  obtained.  These  have  been  described  by  Sir  J.  Wm. 
Dawson,  Dr  S.  H.  Scudder,  and  Professor  E.  D.  Cope,  who  agree  in 
referring  them  with  probability  to  the  Oligocene.  The  fish  is  an  Amyzon, 
like  that  from  the  Amyzon  beds  of  ()regon.J  Much  farther  north,  on 
the  Horsefly  river,  a  tributary  of  the  Quesnel,  well  preserved  remains 
of  another  fish  of  the  same  genus  have  been  found,  and  again  in  asso- 
ciation with  similar  plant  remains.  Elsewhere  plants  only,  or  a  few 
insects,  have  been  discovered. 

The  deposits  of  the  Coldwater  group  consist  of  conglomerates,  shales, 
and  sandstones  which  not  infrequently  hold  beds  of  lignite  or,  as  at  the 

*  For  earlier  references  to  the  Tertinry  deposits  of  the  region,  see  Geo!.  Mag.,  Decade  II,  vol. 
Tiii,  foot-notes  to  pp.  15»,  lfi2. 

t  Annual  Report,  Oeol.  Surv.  Can.,  vol.  vii  (N.  S.).  p.  7«  B.  Detailed  descriptions  of  the  seTeral 
groups  in  the  southern  part  of  British  Columbia  are  also  given  in  this  report. 

1  Tertiaryplants  of  the  Similkameen  river;  Trans.  Royal  Soc.  Can.,  vol.  viii,  sec.  iv  (1890),  p.  75. 
Contributions  to  Can.  Pal.,  vol.  ii,  part  i.    Pro<'.  .\<;ad.  Nat.  Sci.  Phil.,  vol.  xlv  (1893),  p.  401. 
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junction  of  the  Coldwater  and  Nicola  rivers,  bituminous  coal.  At  the 
base  the  conglomerates  are  oflen  rough  and  coarse,  composed  of  the  local 
underlying  rocks,  upon  which  they  rest  irregularly,  but  above  these,  in 
several  places  in  the  southern  part  of  the  Interior  plateau,  are  thick  beds 
of  well  rolled  and  generally  small  pebbles  derived  for  the  most  part  from 
the  cherty  beds  of  the  Cache  Creek  formation.  The  sandstones  and 
shales  are  usually  pale-colored,  gray,  buff,  or  drab,  except  where  they 
become  carbonaceous.* 

Speaking  of  the  southern  part  of  British  Columbia,  where  the  Tertiary 
deposits  have  been  examined  with  some  care,  it  appears  that  the  beds 
of  the  Coldwater  group  were,  at  least  locally,  disturbed  and  subjected  to 
considerable  erosion  before  the  deposition  of  the  overlying  materials  as- 
signed to  the  Miocene.  These  are  almost  entirely  of  volcanic  origin, 
and  over  a  considerable  area  they  admit  of  separation  into  lower  and 
upper  volcanic  groups,  between  which  are  the  water-laid  Tranquille  beds. 

The  principal  volcanic  vents  of  the  early  Miocene  appear  to  have  been 
situated  near  to  and  parallel  with  the  inland  border  of  the  Coast  ranges, 
their  denuded  remnants  being  now  found  in  the  Clear  mount)B.ins,  II- 
gachuz  mountain,  etcetera.  Both  effusiver  and  fragmental  rocks  are 
represented  in  the  products  of  this  period,  which,  petrographically 
considered,  consist  chiefly  of  augite-porphyrites,  of  gray,  greenish,  and 
purplish  colors,  with  smaller  amounts  of  mica-porphyrites,  picrite-por- 
phyrites,  etc.  These  generally  form  massive  beds,  and  are  now  found  in- 
clined in  many  places  atangles  as  high  as  30  degrees  from  the  horizontal, 
although  to  what  extent  this  may  represent  the  natural  slope  of  deposi- 
tion and  in  how  far  it  may  be  due  to  subsequent  movement  is  often 
indeterminate. 

The  Tranquille  beds  consist  generally  of  bedded  tuffs,  and  are  usually 
pale  in  color.  They  occasionally  contain  plant  remains  and  some  thin 
beds  of  coal  or  lignite,  as  at  Kamloops.f  The  upper  volcanic  group  is 
composed  for  the  most  part  of  basalts  and  basalt-breccias,  with  smaller 
quantities  of  various  porph'yrites,  mica-trachyte,  and  mica-andesite. 
The  basalts  often  occur  in  horizontal  flow9  of  great  extent,  their  eruption 
having  marked  the  closing  stage  of  the  great  Tertiary  period  of  vulcanism. 
Their  sources  may  have  been  numerous  and  local,  and  they  are  often 

*The  KeDaf  formation  of  Dall,  found  in  some  parts  of  Alaska,  is  believed  by  Dall  to  be  either 
Oltsocene  or  Eocene.  The  statement,  however,  that  the  Kenni  is  also  **  widely  spread  in  British 
Columbia"  is  too  comprehensive.  It  may  be  supposed  to  refer  to  formations  like  that  iiere  de- 
scritied,  widely  separated  geographically  and  differing  in  conditions  of  deposition  from  the  typi- 
cal Kenai  of  Cooks  inlet.  In  such  a  case  the  elevation  of  a  local  formational  name  into  a  re- 
gional ehroDological  term  is  in  no  way  helpful  and  should,  I  think,  be  deprecated.  (See  Bull. 
No.  M,  U.  S.  Geol.  Survey,  Annual  Report,  U.  S.  Oeol.  Survey,  189&-*9A,  part  i,  p.  481.  Ibid., 
189&-*97,  part  ii,  p.  345.) 

t  Annaal  Report,  Oeol.  Surv.  Can.  (N.  S.),  vol.  vil,  p.  169  B. 

Xlf— Boix.  fisoi..  8oc.  Am.,  Vol.  12,  1900 
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found  forming  a  comparatively  thin  sheet  that  lies  directly  on  the  de- 
nuded surface  of  the  older  rocks  without  the  intervention  of  anv  of  the 
earlier  members  of  the  Tertiary.  As  these  wide  basaltic  flows  are  in  most 
cases  known  to  antedate  the  great  period  of  river  erosion  assigned  to  the 
Pliocene,  they  are  supposed  to  be  of  later  Miocene  age.  It  is,  of  course, 
possible  that  local  eruptions  of  more  recent  date  may  have  occurred, 
but  only  one  instance  of  a  comparatively  recent  or  postglacial  lava  flow 
has  so  far  been  found  in  the  entire  Cordilleran  region  of  Canada.  This 
is  in  the  valley  of  the  Nasse  river.* 

•In  the  northern  interior  of  British  Columbia,  lake  deposits  have  been 
found,  in  some  places,  blending  above  with  volcanic  materials  and  capped 
by  horizontal  basalts,  the  whole  being  very  probably  referable  to  the 
Miocene.  In  other  places,  both  in  British  Columbia  and  in  the  Yukon 
district,  local  flows  of  basalt  are  found  which  may  belong  either  to  the 
Miocene  or  to  the  Pliocene.  The  same  is  true  of  isolated  basalt  patches 
in  the  Kettle  River  country  in  the  southen  part  of  British  Columbia 
and  in  East  Kootenay.  On  the  Nechacco  river  and  elsewhere.  Tertiary 
shales  or  clays,  with  sandstones,  of  indeterminate  horizon  are  also  found. 
It  will  be  many  years  before  all  these  deposits  can  be  investigated  and 
classifled,  and  it  may  never  be  possible  to  assign  an  exact  position  to 
some  of  them  in  the  general  series.  The  great  paucity,  amounting  almost 
to  a  complete  absence,  of  the  remains  of  the  higher  vertebrates  being 
particularly  unfortunate  in  this  respect 

In  the  southern  part  of  the  Interior  plateau  of  British  Columbia, 
small  areas  have  been  found  of  sediments  that  are  supposed  to  belong 
to  the  early  Pliocene,t  but  no  fossils  have  been  obtained  from  them. 
On  the  Horsefly  river,  however,  overlying  the  Oligocene  beds  already 
referred  to  in  slight  but  distinct  unconformity,  and  underlying  the 
boulder-clay,  is  a  deposit  of  yellowish  and  in  part  *'  cemented  "  gravels, 
to  which  a  Pliocene  age  may  be  assigned  with  some  confidence.^  These 
gravels  are  worked  for  gold,  and  branches  and  stems  of  trees  found  in 
the  workings  have  been  determined  by  Professor  D.  P.  Penhallow  to 
represent  Seqiioia  gigantia,  S,  sempetDirens,  Jxmipenis  calif omica,  Cwpressxis 
vmcrocarpn^  Thuya  glgantia,  and  Picea  &ilchensi8.% 

The  presence  of  such  an  assemblage  of  trees  in  the  inland  region 
north  of  latitude  52°,  indicates  the  existence  of  physical  and  climatic 
conditions  very  diff'erent  from  those  now  existing  there  and  still  more 
unlike  those  of  the  intervening  glacial  period,  while  the  species  them- 
selves are  still  living  ones. 

•Summary  Report,  Geoi.  Surv.  Can.,  1893,  p.  14  A. 
fADnual  Report,  Geol.  Surv.  (^an.,  vol.  vii  (N.  S.),  p.  74  B. 
X  Ibid.,  p.  26  A. 
I  The$4e  determinatioim  have  not  previouHly  been  published. 
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Similar  yellow  gravels  have  been  found  on  the  Upper  Fraser  and  on 
its  tributary,  the  Blackwater,  in  several  places,  and  it  is  probable  that 
they  are  somewhat  widespread  in  this  district.*  It  is  very  possible  that 
they  are  at  least  approximately  synchronous  with  the  old  auriferous 
preglacial  stream  gravels  of  the  Cariboo  mountains,  and  are  also  of  the 
same  age  with  the  **  yellow  gravels  "  of  the  Atlin  district. 

The  Tertiary  deposits  of  the  Coast  region  of  British  Columbia  are 
wholly  separated  from  those  of  the  interior  by  the  physical  barrier  of 
the  Coast  ranges.  They  are  interesting,  but  not  of  great  extent,  occur- 
ring in  isolated  patches  and  not  forming,  as  they  do  farther  to  the  south, 
a  nearly  continuous  border  to  the  continent.  The  sedimentary  beds 
are  for  the  most  part  of  marine  origin,  and  are  still  founcl  near  the  level 
of  the  sea,  little  disturbed  or  altered. 

Sandstones  holding  marine  shells  occur  at  Sooke,  on  the  southern 
coast  of  Vancouver  island.  These  beds  were  first  described  by  Mr  J. 
Richardson.f  Mr  J.  C.  Merriam  has  since  studied  the  fossils,  and  they 
appear  to  be  referable  to  the  Upper  Miocene  ojc  Pliocene  ("  Middle  Neo- 
cene ")*t  Farther  west,  on  the  same  coast,  are  the  Carmanah  beds,  con- 
sisting of  sandstones,  shales,  and  conglomerates.  These  are  referred  by 
the  same  author  to  the  '^Astoria  Miocene  "  §  or  Astoria  group,  and  are 
recognized  as  older  than  the  Sooke  beds.  A  remarkable  bird,  Cyjphomu 
inagnuSj  had  previously  been  described  by  Cope  from  the  Carmanah 
beds,  and  this  he  states  is  not  older  than  Eocene  nor  later  than  Oligo- 
cene.j|  Plant  remains  also  occur,  but  they  have  not  so  far  been  studied. 
Elsewhere  on  the  west  coast  of  Vancouver  island  and  farther  north 
small  patches  of  Tertiary  rocks  are  found,  which  have  not  yet  been  ex- 
amined, and  from  which  no  fossils  have  been  obtained. 

The  most  important  development  of  Tertiary  rocks  on  the  coast  is 
that  forming  the  northeastern  part  of  Graham  island,  the  northern  mem- 
ber of  the  Queen  Charlotte  group.  The  considerable  tract  of  land  under- 
lain by  these  rocks  is  relatively  low,  and  most  of  the  prominent  rock 
masses  consist  of  basalt  with  some  volcanic  materials  of  a  less  basic 
character,  and  in  one  place  obsidian,  fragmental  as  well  as  effusive  rocks 
being  represented.  .  In  a  few  places,  underlying  sandstones  and  shales 
come  to  the  surface,  sometimes  holding  lignite,  and  at  one  locality  ma- 
rine shells  are  abundantly  represented.     These  have  been  examined  by 

*  Annual  Report,  Geol.  Surv.  Can,,  vol.  vii  (N.  S.),  p.  28  A  ;  also  Report  of  Progress,  Geol.  Surv. 
Can.,  1873-'76,  pp.  263,  'iM. 

f  Report  of  Progress,  Geol.  Surv.  Can.,  1870-77,  p.  190. 

;  Ball.  Univ.  Cal.,  Geology,  vol.  ii,  no.  3,  p.  lOl ;  Proc.  Cal.  Acad.  Sci.,  third  series,  vol.  i,  no.  6, 
p.  175, 

g  Op.  cit. 

1  Jonr.  Acad.  Nat.  rtci.  Phila.,  vol.  ix,  p.  449.  The  bird  is  described  from  a  single  boue.  The 
vxofii  it>i;ality  in  not  given  in  the  paper,  not  being  known  to  Cope  at  the  time. 
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Dr.  Whiteavee.    They  include  a  number  of  still  living  forms,  but  may 
be  regarded  as  Pliocene  or  later  Miocene.* 

Physical  History  of  the  Region 

It  will  now  be  endeavored  to  briefly  review  the  orographic  changes 
and  the  conditions  of  deposition  of  which  the  geological  column  gives 
evidence — in  other  words,  to  touch  in  outline  the  main  facts  of  the  phys- 
ical history  of  the  Rocky  Mountain  region  of  Canada. 

As  for  the  Archean,  it  need  only  be  said  that  here,  as  in  most  parts 
of  the  world,  we  find  beneath  any  rocks  that  can  be  assigned  to  the  Cam- 
brian in  the  most  extended  sense  of  that  term,  and  apparently'  separated 
from  these  rocks  by  a  great  break  and  unconformity,  a  crystalline  series 
or  '^fundamental  complex''  composed  of  plutonic  rocks  with  highly 
metamoriihosed  and  vanishing  sedimentary  rocks  in  seemingly  inex- 
tricable association.  The  similarity  of  this  basal  series  in  different  parts 
of  the  world  is  so  great  as  apparently  to  imply  world-wide  and  approx- 
imately contemporaneous  conditions,  of  a  kind  perhaps  differing  from 
any  that  can  have  occurred  at  later  periods.  The  region  here  described  is 
not,  however,  an  ideal  one  for  the  study  of  these  Archean  rocks,  because  of 
the  extreme  metamorphism  by  which  much  newer  formations  have  often 
been  affected  in  it ;  nor  has  any  series  yet  been  defined  that  appears  here 
to  bridge  the  gap  between  the  Archean  and  the  strata  that  may  with  pro- 
priety be  attached  to  the  Cambrian. 

In  the  earlier  series  of  deposits  assigned  to  the  Cambrian,  we  discover 
evidence  of  a  more  or  less  continuous  land  area  occupying  the  position 
of  the  Gold  ranges  and  their  northern  representatives  and  aligned  in  a 
general  northwesterly  direction.  The  Archean  rocks  were  here  under- 
going denudation,  and  it  is  along  this  axis  that  they  are  still  chiefly  ex- 
posed, for  although  they  may  at  more  than  one  time  have  been  entirely 
buried  beneath  accumulating  strata,  they  have  been  brought  to  the  sur- 
face again  by  succeeding  uplifts  and  renewed  denudation.  We  find  here, 
in  effect,  an  Archean  axis  or  geanticline  that  constitutes,  I  believe,  the 
key  to  the  structure  of  this  entire  region  of  the  Cordillera.  To  the  east 
of  it  lies  the  Laramide  geosyncline  (with  the  conception  of  which  Dana 
has  familiarized  us),  on  the  west  another  and  wider  geosyncline,  to  which 
more  detailed  allusion  will  be  made  later. 

Conglomerates  in  the  Bow  River  series  indicate  sea  margins  on  the  east 
side  of  this  old  land,  but  these  are  not  a  marked  feature  in  the  Nisconlith, 
or  corresponding  series  on  its  western  side.  Fossils  have  so  far  been 
discovered  only  in  the  upper  part  of  the  Bow  River  series,  but  the  preva- 

*See  Report  of  Progress.  Gcol.  Siirv.  Can.,  1878-'79,  p.  87  B. 
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lence  of  carbonaceous  and  calcareous  material  (particularly  in  the  Niscon- 
lith)  appears  to  indicate  the  abundant  presence  of  organisms  of  some  kind 
at  this  time. 

Although  no  evidence  has  been  found  of  any  great  physical  break, 
the  conditions  indicated  by  the  upper  half  of  the  Cambrian  are  very  dif- 
ferent from  those  of  the  lower.  Volcanic  materials,  due  to  local  eruptions, 
were  accumulated  in  great  mass  in  the  region  bordering  on  the  Archean 
axis  to  the  west,  while  on  the  east  materials  of  this  kind  appear  to  be 
mingled  with  the  preponderant  shore  deposits  of  that  side  of  the  Archean 
land,  and  to  enter  sparingly  into  the  composition  of  the  generally  calca- 
reous sediments  lying  still  farther  eastward.  Where  these  sediments 
now  appear  in  the  eastern  part  of  the  Laramide  range  they  are  chiefly 
limestone,  indicating  marine  deposition  at  a  considerable  distance  from 
any  land. 

The  history  of  the  Ordovician,  Silurian,  and  Devonian  times  is  very 
imperfectly  known.  Marine  conditions  still  prevailed  to  the  eastward 
of  the  Archean  axis  and  were  [>robably  continuous  there,  but  our  knowl- 
edge of  the  region  to  the  west,  while  as  yet  almost  entirely  negative  in 
its  character,  is  not  sufficiently  complete  to  enable  us  to  assume  the  ex- 
istence of  any  extensive  land  area  in  that  quarter.  In  the  Devonian  the 
sea  is  known  to  have  covered  a  great  area  in  the  interior  of  the  continent, 
extending  far  to  the  north  in  the  Mackenzie  basin,  and  it  appears  prob- 
able that  considerable  portions  of  the  western  part  of  the  Cordilleran 
region  were  also  submerged,  particularly  to  the  north. 

About  the  beginning  of  the  Carboniferous  period  and  thence  onward 
the  evidence  becomes  much  more  satisfactory  and  complete.  In  the 
earlier  part  of  the  Carboniferous,  marine  sediments,  chiefly  limestones, 
were  laid  down  everywhere  to  the  east  of  the  Archean  axis,  while  to  the 
west  of  that  axis  (which  was  probably  in  large  part  itself  submerged) 
ordinary  clastic  deposits,  mingled  with  contemporaneous  volcanic  ma- 
terials, were  formed,  tranquil  epochs  being  marked  by  the  intercalation 
of  occasional  limestone  beds.  It  is  not  clearly  apparent  from  what  land 
the  clastic  materials  were  derived,  but  the  area  of  vulcanism  at  this  time 
was  very  great,  covering  the  entire  western  part  of  British  Columbia  to 
the  edge  of  the  continental  plateau  and,  as  now  known,  extending  north- 
westward into  Alaska  and  southwarcf  to  California. 

In  the  later  time  of  the  Carboniferous,  however,  the  volcanic  forces 
declined  in  their  activity,  and  a  great  thickness  of  calcareous  marine  de- 
posits occurred  with  little  interruption  of  any  kind.  The  area  of  land 
to  the  eastward  was  probably  increased,  for  there  is  sonje  evidence  to 
show  a  first  gentle  uprising  in  the  Laramide  region  at  this  time  (or  at 
least  a  cessation  of  subsidence),  and  no  late  Carboniferous  strata  have 
so  far  been  found  there. 
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No  separate  record  for  the  Permian  has  yet  been  foand  in  this  part 
of  the  continent,  but  it  most  be  remembered  that,  in  view  of  the  scanty 
character  of  the  paleontological  evidence,  strict  taxonomic  boundaries 
can  seldom  be  drawn.  At  about  this  time,  however,  very  important 
changes  occurred,  for  in  the  Triaasic  a  great  part  of  what  is  now  tlie 
inland  plain  of  the  continent  is  found  to  have  become  the  bed  of  a  sea 
shdt  off  from  tbe  main  ocean,  in  which  red  rocks  with  salt  and  gypsum 
in  some  places  were  laid  down.  The  northern  part  of  this  sea  appears 
to  have  extended  into  the  Canadian  region  for  a  short  distance,  covering 
the  southern  portion  of  the  Laramide  area.  Farther  north  must  have 
been  the  land  boundary  of  this  sea,  and  beyond  this  an  extension  of  the 
Pacific  ocean  which  swept  entirely  across  the  Cordillera.  In  the  south- 
ern part  of  British  Columbia,  however,  this  ocean  found  its  shore  against 
the  Gold  ranges  of  the  Archean  axis,  where  the  preceding  Carboniferous 
1>eil8  had  already  been  upturned  and  subjected  to  denudation.  The 
laramide  region  was  not  affected  by  volcanic  action  at  this  time,  but 
vulcanisin  on  a  great  scale  was  resumed  in  the  entire  western  part  of 
the  Coniilleni  that  had  previously  been  similarly  affected  in  the  Car- 
honiterous,  and  the  ordinary  marine  sediments  there  form  intercalations 
only  in  a  great  mass  of  volcanic  products,  probably  in  large  part  the 
result  of  submarine  eruptions. 

Such  definite  indications  as  exist  of  the  Jurassic  must,  as  already 
noteil,  be  considered  as  physically  attached  to  the  Triassic  of  the  Inte- 
rior plateau  of  British  Columbia.  It  is  probable  that  the  greater  part 
of  the  Jurassic  period  was  characterized  by  renewed  erogenic  move- 
ments and  by  denudation,  for  when  we  are  next  able  to  form  a  connected 
idea  of  the  physical  conditions  of  the  r^ion  these  are  found  to  have 
been  profoundly  modified. 

It  is  to  about  this  time  that  the  elevation  of  the  Sierra  Nevada  and  some 
other  mountain  systems  in  the  western  states  is  attributed.  In  the  region 
here  particularly  described,  the  Triassic  and  older  rocks  of  the  Vancouver 
range,  or  that  forming  Vancouver  and  the  Queen  Charlotte  islands,  were 
upturned,  while  a  similar  movement  affected  the  zone  now  occupied  hy 
the  British  Columbian  Coast  ranges.  These  may  not  have  been  elevated 
into  a  continuous  mountain  system  and  barrier  to  the  sea,  but  in  any 
case  the  ranges  then  formed  were,  before  the  beginning  of  the  Cretaceous 
period,  hirgely  broken  down  by  denudation, so  that  the  underlying  granitic 
rocks  supplied  abundant  arkose  material  to  some  of  the  lowest  Cretaceous 
beds. 

It  is  also  probable  that  subsidence  marked  the  close  of  the  Jurassic, 
for  in  southern  British  Cqlumbia  the  Pacific  of  the  Earlier  Cretaceous 
extended  more  or  less  continuously  across  the  line  of  the  Coast  ranges. 
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finding  its  shore  not  far  to  the  east  of  this  line.  Farther  north,  although 
not  without  insular  interruptions,  it  spread  over  the  entire  width  of  the 
Cordilleran  belt,  repeating  the  conditions  found  in  the  Triassic,  but  with 
the  difference  that  it  extended  far  to  the  south  along  the  axis  of  the 
I^ramide  geosyncline,  in  which  rapid  subsidence  had  been  renewed.  In 
this  early  Cretaceous  sea  and  along  its  margins  and  lagoons  the  massive 
fossiliferous  rocks  of  the  Queen  Charlotte  islands  and  Kootanie  forma- 
tions were  accumulated  and  coal  beds  were  produced.  Volcanic  activity 
was  renewed  in  some  places,  particularly  near  the  present  seaward  margin 
of  British  Columbia.  Sedimentation  evidently  proceeded  more  rapidly 
than  subsidence  in  many  localities  and  coal-producing  forests,  largely 
composed  of  cycadaceous  plants  took  possession  of  the  newly  formed 
lands  from  time  to  time. 

The  era  of  the  later  Cretaceous  appears,  however,  eventually  to  have 
been  introduced  by  a  marked  general  subsidence,  which,  as  already 
noted,  carried  the  Dakota  sea  entirely  across  the  inland  plain  of  the  con- 
tinent. The  distribution  and  character  of  the  ensuing  Cretaceous  for- 
mations show  that  the  whole  southern  part  of  what  is  now  the  mainland 
of  British  Columbia  soon  after  became  and  remained  a  land  area,  while 
the  sea  was  more  gradually  excluded  from  the  northern  part  of  the  Cor- 
dillera and  continued  to  o§cupy  the  area  of  the  Great  plains  and  the 
present  position  of  the  Laramide  range.  Along  the  margin  of  the  con- 
tinental plateau,  however,  a  renewed  subsidence  was  in  the  main  pro- 
gressing southward  and  resulted  ultimately  in  carrying  the  later  Cre- 
taceous sediments  into  the  region  of  Puget  sound. 

The  closing  event  of  this  cycle  was  the  deposition  of  the  Laramie 
beds  on  the  east  and  in  some  places  to  the  north,  with  probably  the 
Puget  group  and  its  representatives  on  the  coast,  and  this  was  followed 
by  the  most  important  and  widespread  orogenic  movement  of  which  we 
find  evidence  in  the  entire  Rocky  Mountain  region.  At  this  time  the 
great  Laramide  range,  or  Rocky  Mountain  range  proper,  was  produced, 
rising  on  the  eastern  side  of  the  Archean  axis  along  a  zone  that  had  pre- 
viously been  characterized  from  the  dawn  of  the  Paleozoic  by  almost 
uninterrupted  subsidence  and  sedimentation.  That  the  pressure  caus- 
ing this  upthrust  of  the  Laramide  range  was  from  the  westward  is  clearly 
shown  by  the  great  overthrust  faults  in  this  range.  The  stability  of  the 
old  Archean  axis,  which  it  may  be  supposed  had  previously  sustained 
the  tangential  thrust  from  the  Pacific  basin,  must  at  this  time  have  been 
at  last  overcome.  As  a  part  of  the  result  of  this,  the  chief  belt  of  faulted 
strata  in  the  Laramide  range,  originally  about  50  miles  wide,  became 
reduced  in  width  by  one-half.  How  rapidly  this  great  revolution  may 
have  occurred  we  do  not  know,  but  it  probably  occupied  no  long  time 
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from  a  geological  point  of  view,  and  the  Laramide  range,  as  first  pro- 
duced, may  very  possibly  have  attained  a  height  approaching  20,000 
feet.*  The  thickness  of  stratified  rocks  in  the  geosyncline  was  at  the 
time  probably  more  than  40,000  feet. 

It  is  difficult  to  determine  to  what  extent  the  Archean  axis  with  the 
Gold  ranges  and  other  preexisting  mountains  were  affected  at  this  period 
of  orogenic  movement,  because  of  the  absence  of  the  newer  formations 
there,  but  it  seems  probable  that  no  very  important* change  took  place. 
Farther  west,  however,  the  great  zone  of  Coast  ranges  was  elevated,  and 
the  corrugated  and  vertical  Cretaceous  beds  met  with  even  on  their  in- 
land side,  showthatlarge  parts  of  the  Interior  plateau  of  British  Colum- 
bia and  of  the  country  in  line  with  it  to  the  northward  were  flexed  and 
broken.  Similar  conditions  are  found  to  have  affected  the  Cretaceous 
rocks  of  Vancouver  and  the  Queen  Charlotte  islands,  of  which  the  moun- 
tain axis,  previously  in  existence,  was  evidently  greatly  increased  in 
elevation. 

The  Laramide  geosyncline  has  already  been  particularly  referred  to 
and  allusion  has  been  made  to  the  now  well  recognized  fact  that  by 
such  zones  of  continued  subsidence  and  deposition  the  lines  of  most 
mountain  systems  have  been  determined.  To  the  Laramide  geosyncline 
here,  the  mountains  of  the  Archean  axis-^the  Gold  ranges— stood  in 
much  the  same  relation  as  the  Archean  western  border  of  the  Wasatch 
to  the  Laramide  geosyncline  in  Utah  (as  described  by  Dana),  but  on  a 
larger  scale. 

On  the  other  or  western  side  of  this  axis,  as  already  noted,  I  am  now 
led  to  regard  the  zone  of  country  extending  to  the  Vancouver  range  as 
a  second  and  wider  geosyncline,  with  a  breadth  of  about  200  miles,  in 
which  a  thickness  of  deposits  perhaps  greater  than  that  of  the  I^aramide, 
but  in  the  main  composed  of  volcanic  ejectamenta,  had  by  this  time  been 
accumulated.  The  volume  of  the  Carboniferous  and  Triassic  rocks  alone 
must  have  exceeded  20,000  feet.  It  is  ])robable  that  to  this  may  be 
added  a  great  thickness  of  older  rocks,t  for  the  circumstance  that  vol- 
canic action  was  so  persistent  here,  and  the  amount  of  extravasation 
resulting  from  it  was  so  enormous,  implies  a  recognition  of  the  fact  that, 
along  this  zone  (not  far  from  the  edge  of  the  continental  plateau)  the 

•  This  refers  pftrticularly  to  the  Viettcr  known  region  near  the  Bow  pass.  See  Annnal  Report, 
Geol.  Surv.  Can.  (N.  K),  vol.  li,  p.  31  D,  and  Am.  Jour.  Sci.,  vol.  xlix,  p.  463.  The  haso  of  th«" 
mountains  may  at  thiH  time  have  been  nearly  at  sealevel,  or  4,000  feet  lower  than  at  pre.Hent,  while 
the  actual  height  at  an}'  time  attained  would  depend  upon  the  rapidity  of  uplift  relatively  to  de- 
nudation.   The  totiil  height  of  folded  strata  is  estimated  at  from  32,000  to  35,<i00  feet. 

t  Several  thou.sand  feet  uf  Cretaceous  rocks  mUHt  also  be  added  to  this  thickness  near  the  lio« 
of  the  present  Coant  rangen.  and  the  total  thiokness  of  deponits  in  the  center  of  this  geosyoclioe 
must  probably  have  exceeded  40,o<W  feet. 
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isogeotherms,  with  what  we  may  call  the  plane  of  granitic  fusion, 
had  crept  up  to  a  position  abnormally  near  the  surface.  It  is  to  this 
probably  that  we  may  attribute  the  apparent  absence  of  Archean  rocks 
in  the  Coast  ranges,  or  at  least  the  impossibility  of  defining  any  rocks 
of  that  period  there,  for  these,  together  no  doubt  with  great  volumes  of 
later  deposits,  may  be  assumed  to  have  become  merged  in  the  rising 
granitic  magma,  on  which  strata  of  Triassic  age  are  now  often  found 
lying  directly,  arrested  in  the  very  process  of  absorption  * 

When  the  Laramide  revolution  occurred,  by  reason  of  the  increasing 
tangential  pressure  from  the  Pacific  basin  and  the  growing  failure  of  re- 
sistance of  the  two  great  geosynclines  of  this  part  of  the  Cordillera,  the 
liaramide  range  was  produced  by  the  folding  and  fracture  of  a  very  thick 
mass  of  beds,  of  which  the  crystalline  base  has  not  yet  been  revealed 
by  denudation,  while  in  the  western  trough  an  eversion  of  the  axis  of 
settlement  seems  to  have  occurred,  resulting  in  the  appearance  of  a 
granitic  bath3*lite  of  nearly  a  thousand  miles  in  length,  from  which  the 
comparatively  thin  covering  of  unabsorbed  beds  was  soon  afterward 
almost  completely  stripped  away  by  ensuing  processes  of  waste. 

This  last  great  epoch  of  mountain  making  doubtless  left  the  surface 
of  the  Cordilleran  belt  generally  with  a  very  strong  and  newly  made 
relief,  which,  before  the  middle  of  the  Tertiary  period,  is  found  to  have 
become  greatly  modified  by  denudation.  Chiefly  because  no  deposits 
referable  to  the  Eocene  or  earliest  Tertiary  have  been  found  in  this  part 
of  the  Cordillera,  it  is  assumed  with  probability  that  this  was  a  time  of 
denudation.  It  is  further  indicated  that  it  was  a  time  of  stability  in  eleva- 
tion, by  the  fact  that  the  prolonged  wearing  down  resulted,  in  the  interior 
zone  of  the  Cordillera,  in  the  production  of  a  great  peneplain,  the  base- 
level  of  which  shows  that  the  area  affected  stood  2,000  or  3,000  feet  lower 
in  relation  to  the  sea  than  it  now  does,  and  that  for  a  very  long  time. 
If,  however,  the  Puget  beds  of  the  coast  are  correctly  referred  to  the 
Eocene,  it  follows  that  the  coast  region  was  at  the  same  period  only 
slightly  lower  than  at  present,  and  that  the  movements  in  subsidence 
and  elevation  between  this  and  the  interior  region  must  have  been  differ- 
ential in  character  and  very  unequal  in  amount. 

As  already  noted,  the  earliest  Tertiary  sediments  of  the  Interior  plateau 
of  the  Cordillera  are  referred  to  the  Oligocene.  Probably  some  further 
subsidence  at  that  time  interrupted  the  long  preceding  time  of  waste. 
This  period  of  deposition  was  in  turn  closed  by  renewed  disturbance  of 
an  orogenic  kind,  comparatively  slight  in  amount  and  local,  chiefly 
affecting  certain  lines  in  a  northwest  and  southeast  direction.     Next 

*  Annual  Report.  Oeol.  Surv.  Can.,  vol.  ii  (N.  8.),  1886.  p.  11  B  et  aeq. 
XIII— Hui,L.  Oroi..  8o€.  Am..  Vol.  12,  1000 
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came  renewed  denudation  or  ''  planation,"  and  this  continued  until  the 
enormous  volcanic  extravasations  of  the  Miocene  began. 

It  is  not  proposed  in  this  place  to  recapitulate  in  detail  the  physical 
conditions  of  the  Tertiary  period,  for  it  has  already  been  necessary  to  refer 
to  these  in  connection  with  the  description  of  the  beds  themselves,  which, 
because  they  have  not  been  materially  changed  since  their  deposition, 
really  tell  their  own  tale. 

It  need  only  be  said  that,  after  the  Oligocene  lake  deposits  had  been 
formed,  disturbed,  and  denuded,  new  series  of  lakes  were  from  time  to 
time  produced  at  different  stages  during  the  Miocene,  their  beds  now 
generally  appearing  as  intercalations  in  volcanic  deposits  of  great  mass. 
Both  the  coast  and  the  interior  region  appear  to  have  been  subject  to 
these  conditions,  while  the  Laramide  range  stood  high,  with  the  inland 
plain  of  the  continent  sloping  eastward  from  its  base. 

Following  the  close  of,  or  at  least  a  great  reduction  in  volcanic  activity, 
in  the  early  Pliocene,  the  interior  zone  of  the  Cordillera  again  assumed 
a  condition  of  stability  for  a  considerable  time,  during  which  wide  and 
"  mature  "  stream  valleys  were  formed.  The  elevation  of  the  Interior 
plateau  region  of  British  (Columbia  must  then  have  been  about  2,000  feet 
less  than  it  is  at  present.*  Farther  north,  the  yellow  Pliocene  gravels  of 
Horsefly  river,  aud  other  places,  are  attributed  to  this  period,  and  the 
southern  aspect  of  their  contained  fossil  plants  is  such  as  to  indicate 
that,  in  the  given  latitude,  the  height  of  that  part  oi  the  interior  can  not 
have  been  much  above  the  sealevel. 

In  the  later  Pliocene  a  very  marked  reelevation  of  the  Cordilleran  re- 
gion evidently  occurred,  leading  to  the  renewed  activity  of  river  erosion, 
the  cutting  out  of  deep  valleys  and  canyons,and  the  shaping  of  the  surface 
to  a  form  much  like  that  held  by  it  at  the  present  day.  This  elevation 
in  all  probability  affected  the  coast  as  well  as  the  interior,  and  it  would 
appear  that  the  rivers  for  a  time  extended  their  courses  to  the  edge  of 
the  continental  plateau. 

The  excavation  of  the  remarkable  fiords  of  British  Columbia  and  the 
southern  part  of  Alaska  must,  I  think,  be  chiefly  attributed  to  the  later 
portion  of  the  Pliocene,  although  it  is  quite  possible  that  the  cutting  out 
of  the  valleys  may  have  been  begun  soon  after  the  Laramide  upheaval. 
The  antiquity  of  these  valleys  is  evidenced  by  the  fact  that  several  com- 
paratively small  rivers  still  flow  completely  across  the  Coast  ranges  in 
their  deep  troughs.  The  fiords  are  now  essentially  the  submerged  lower 
parts  of  these  and  other  drainage  valleys  of  the  old  land,  not  very  ma- 
terially afiected  by  the  later  glacial  action,  important  as  this  has  un- 

♦  Trans.  Royal  Soc.  Can.,  vol.  viii,  sec.  iv,  p.  18. 
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doubtedly  been  from  other  points  of  view.  The  valleys  of  the  iiord-like 
lakes  that  occur  along  the  flanks  of  the  Archean  axis  of  the  interior  may 
probably  also  be  referred  to  river  erosion  in  the  later  Pliocene,  but  if  so 
this  mountain  region  must  have  been  affected  by  a  relatively  greater 
uplift  at  that  time,  followed  later  by  a  subsidence  of  its  central  part.  It 
appears,  however,  that  the  excavation  of  valleys  or  gorges  like  these  by 
rivers,  when  the  slope  and  water  supply  are  favorable,  occurs  with  such 
rapidity  relatively  to  the  wider  effects  of  denudation,  as  to  be  almost 
negligible  in  any  general  view  of  the  physical  changes  of  an  extensive 
region  or  in  the  accounting  of  geological  time. 

There  is  as  yet  some  difficulty  in  connecting  the  later  physical  changes 
particularly  referred  to  above  with  those  which  have  recently  come 
under  observation  far  to  the  north  in  the  Klondike  region.  It  is  prob- 
able, however,  that  the  auriferous  "quartz  drift"  of  that  region,  imply- 
ing long  subaerial  decay  and  stability  of  level,  may  be  attributed  to  the 
early  Pliocene;  while  the  river  gravels  found  in  the  newer  and  deeper- 
cut  valleys  may  be  assigned  to  the  later  Pliocene  time  of  greater  eleva- 
tion. During  the  Pliocene,  and  probably  until  its  close,  the  mammoth, 
one  or  two  species  of  bison,  the  moose,  and  other  large  mammals  roamed 
northward  to  the  Arctic  sea.  Then  came  the  Glacial  period,  with  re- 
newed great  changes  in  levels  and  climate  and  its  own  peculiar  records 
and  history,  which  in  many  respects  are  more  difficult  of  interpretation 
tlian  those  of  more  remote  periods,  because  the  whole  time  occupied 
by  them  has  been  relatively  so  brief.  I  have  elsewhere  endeavored  to 
follow  this  history  in  detail,  and  do  not  propose  on  this  occasion  to 
deal  with  this  latest  chapter  of  the  physical  history  of  the  Rocky  Moun- 
tain region  of  Canada. 

In  conclusion,  what  appear  to  be  the  most  striking  points  evidenced 
by  the  geological  record  of  this  northern  part  of  the  Cordillera  perhaps 
be  specified  as  follows : 

(1)  The  great  thickness  of  strata  accumulated  both  to  the  east  and 
west  of  an  Archean  axis.  In  the  Laramide  geosyncline  the  strata  no 
doubt  actually  attained  the  volume  stated.  In  the  western  and  wider 
sy  ncline  it  is  not  so  certain  that  all  the  formations  in  their  full  thickness 
were  ever  actually  superposed  at  any  one  place  or  time  (for  reasons 
already  alluded  to),  but  the  volume  was  probably  not  less  than  in  the 
I^aramide  region. 

(2)  The  great  proportion  of  volcanic  materials  accumulated  in  the 
western  geosyncline  and  the  recurrence  of  vulcanism  throughout  the 
geological  time-scale  in  this  region,  resulting  in  the  production  of  massive 
volcanic  formations  in  the  Cambrian,  Carl^oniferous,  Triassic,  Creta- 
ceous, and  Miocene. 
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(3)  The  recurrence  of  folding  and  disturbance  parallel  to  the  border 
of  the  Pacific  basin  and  the  concurrent  great  changes  in  elevation  of  the 
land  relatively  to  the  sea,  both  continued  down  to  quite  recent  geolog- 
ical times,  the  latter  even  into  the  Pleistocene. 

(4)  The  tremendous  energy  of  denudation,  in  part  due  to  the  events 
last  referred  to,  but  also  dependent  upon  the  position  of  the  region  on 
the  eastern  border  of  a  great  ocean,  where,  in  northern  latitudes,  an 
excessive  rainfall  must  have  occurred  at  all  periods  on  the  seaward 
mountain  ranges.  No  comparable  denuding  forces  were  probably  ever 
operative  on  the  east  side  of  the  continent  in  similar  latitudes  since  the 
definition  of  the  ocean  basins  of  the  Pacific  and  Atlantic. 
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Introduction  t 


For  the  past  three  years  the  writer  has  been  engaged  in  a  careful  de- 
tailed study  of  the  granitic  rocks  of  Georgia,  giving  special  attention  to 
the  phenomena  of  their  weathering.-  The  natural  outcrops  have  been 
carefully  studied  in  the  field,  and  specimen^  of  the  fresh  and  weathered 
rock,  representing  various  stages  in  the  decay,  have  been  collected  from 
the  most  typical  and  widely  separated  localities  in  the  state  and  analyzed 
in  the  chemical  laboratory  of  the  State  survey  by  the  writer.  The  ma- 
terial is  sufficiently  representative  and  the  work  extensive  and  detailed 
enough  to  arrive  at  definite  conclusions  regarding  the  changes  involved 
in  the  transition  from  fresh  to  decayed  rock  in  the  granitic  group  of 
rocks. 

Based  primarily  on  texture  and  structure,  three  types  of  the  granitic 
rocks  are  distinguished:  (1)  The  massive  even-granular  granites;  (2)  the 

^  Published  by  permission  of  the  State  (reoloKist  of  Georgia. 

t  For  a  detailed  discussion  of  the  weathering  of  the  Georgia  granites,  including  complete  chem- 
ical  analyses  of  the  fresh  and  accompanying  decayed  rock  from  numerous  localities  in  the  state, 
the  reader  is  referred  to  a  report  on  the  granites  and  gneisses  of  Georgia,  to  be  issued  shortly  by 
the  State  Geological  Surrey,  by  the  present  author. 
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l)orphyritic  granites,  and  (3)  the  banded  or  foliated  granites — gneisses. 
Laboratory  study  shows  the  three  types  to  be  nearly  identical  in  min- 
eral and  chemical  composition.  In  the  field,  the  porphyritic  facies  of 
the  granite  masses  are  found  to  grade  peripherally  into  an  even-granular, 
medium,  coarse  textured  granite  of  the  same  mineral  and  chemical  com- 
position. Likewise  the  gneisses  are  elsewhere  shown  to  be  the  meta- 
morphosed equivalents  of  the  irruptive  massive  granites  from  which 
they  differ  only  in  a  pronounced  banded  or  foliated  structure,  secondarily 
induced  b}'  metamorphism.  For  this  reason  the  gneisses  are  referred  to 
as  granite-gneisses.  That  comparisons  may  be  effected  and  emphasis 
given,  whatever  differences  arising  from  the  influence  of  texture  on 
weathering,  as  illustrated  by  the  degeneration  of  the  Georgia  granitic 
rocks,  the  rock-decay  is  separately  treated  under  (1)  granite;  (2)  por- 
phyritic granite ;  and  (3)  granite-gneiss.  The  several  places  described 
in  the  following  pages  are  shown  on  the  accompanying  map,  plate  6. 

Granite 
character  and  composition 

The  fresh  unaltered  granites  are  massive,  fine  to  medium  grained  rocks 
in  texture,  light  gray  to  dark-blue  gray  in  color,  and  show  an  admixture 
of  fine,  granular  quartz,  feldspars,  and  biotite  to  the  unaided  eye.  The 
principal  minerals  are  quartz,  orthoclase  with  microperthitic  structures, 
microcline,  plagioclase  near  oligoclase,  brown  biotite,  some  muscovite, 
and  a  little  apatite,  zircon,  and  magnetite. 

The  quartz  is  frequently  intergrown  with  the  feldspar  in  the  form  of 
rounded  ovals  or  disks  of  micropegmatitic  structures,  clearly  indicating 
the  contemporaneous  crystallization  of  the  two  minerals.  It  is  some- 
times inclosed  as  drop-like  inclusions  in  many  of  the  larger  feldspar 
crystals.  The  larger  individuals  further  show  numerous  lines  of  frac- 
ture and  undulatory  extinction. 

The  potash  feldspars  usually  show  good  cleavages ;  are  intergrown 
with  a  second  feldspar,  albite,  as  microperthitic  intergrowths,  and  are 
commonly  twinned  according  to  the  Carlsbad  law.  The  presence  of 
considerable  soda  in  the  analyses  corroborates  the  inference  that  the 
intergrown  feldspar  with  the  potash  varieties  is  albite.  Microcline  varies 
in  quantity,  but  may  equal  or  even  exceed  in  a  few  sections  the  ortho- 
clase. Plagioclase  is  inferior  in  amount  to  the  potash  feldspars,  and,  as 
a  rule,  affords  low  extinction  angles  in  basal  sections,  indicating  an  acid 
feldspar  near  oligoclase.  This  inference  is  corroborated  by  the  percentage 
of  lime  shown  in  the  analyses.  The  biotite  is  deep  brown  in  color  and 
strongly  pleochroic.     It  is  present  in  irregular  shreds  and  elongate<l 
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plates,  with  good  crystallographic  boundaries,  and  intimately  associated 
with  muscovite  when  present.  A  part  of  the  biotite  is  invariably  par- 
tially altered  to  chlorite.  Muscovite  varies  in  quantity,  and  is  always 
inferior  in  amount  to  the  biotite.  Epidote  is  somewhat  abundant  as  a 
secondary  constituent  in  some  of  the  granites.  The  remaining  micro- 
scopic accessories  present  show  the  usual  characteristic  features. 

The  first  decided  change  in  the  weathering  of  the  massive  granites,  in 
which  an  almost  complete  change  in  appearance  from  the  perfectly  fresh 
granite  is  indicated,  is  represented  by  a  hard  and  firm,  dull  grayish  granitic 
mass,  tinged  from  a  faint  to  a  highly  ferruginous  rusty  brown  color.  It 
varies  in  tenacity  from  the  firm,  hard  rock  to  specimens  which  readily 
crumble  under  the  gentlest  pressure.  Aside  from  change  of  color  and 
lack  of  luster  in  the  component  minerals,  the  rock  has  lost  its  compact, 
close  grained  texture,  and  the  partially  changed  granite  presents  instead 
a  somewhat  spongy  or  loose  texture  in  appearance,  in  which  the  indi- 
vidual mineral  grains  are  slightly  forced  apart  from  each  other.  The 
feldspars  are  of  a  decided  white  color,  perfectly  opaque  to  the  naked  eye, 
and  have  commenced  to  split  along  the  cleavage  planes.  Under  the 
lens,  the  feldspars  show  comparatively  fresh  luster  in  places ;  the  biotite 
appears  somewhat  leached  from  hydration  and  oxidation,  and  the  adja- 
cent areas  are  slightly  discolored  from  the  hydrous  iron  oxide  derived 
therefrom.  In  the  center  of  the  biotite  plates  the  luster  on  the  cleavage 
faces  is  as  brilliant  and  the  color  as  strong  as  that  in  the  fresh  rock. 
Thin-sections  made  from  hand  specimens  representing  this  stage  in  the 
weathered  rock  show  a  marked  yeljow  color  to  the  naked  eye,  indicative 
of  the  iron  oxide  staining  derived  from  the  decomposition  of  the  biotite. 

A  microscopic  examination  of  the  thin-sections  confirms  the  above 
macroscopic  description.  Under  the  microscope  the  feldspars  appear 
somewhat  cloudy  and  opaque,  but  otherwise  are  comparatively  fresh 
looking.  The  plagioclase  feldspars  are  more  altered,  as  a  rule,  than  the 
potash  varieties.  The  alteration  takes  place  mostly  along  the  twinning 
planes  in  the  plagioclase,  and  mainly  along  the  lines  of  cleavage  in  the 
potash  feldspars.  The  only  visible  change  in  the  quartz  is  a  splitting 
up  along  the  innumerable  fracture  lines  subsequently  induced  through 
dynamic  action.  The  quartz  and  feldspar  areas,  particularly  along  the 
lines  of  cleavage  and  breakage,  are  stained  yellow  by  the  hydrous  iron 
oxide  derived  from  the  partial  decomposition  of  the  biotite. 

The  biotite  appears  in  part  perfectly  fresh,  but  a  large  proportion  of 
this  mineral  has  lost  its  cleavage  and  optical  properties,  and  is  replaced 
by  an  amorphous  yellow  to  brown  colored  mass,  with  the  surrounding 
areas  partially  discolored  from  the  ferruginous  constituent.  In  still  other 
shreds  of  the  biotite  the  edges  and  borders  are  frayed  out  and  leached. 
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while  the  centets  remain  entirely  fresh.  As  observed  in  the  potash  feld- 
apars,  alteration  takes  place  in  the  biotite  to  a  marked  d^ree  along  the 
cleavage  planes. 

No  calcite  has  been  observed  in  any  of  the  thin-sections  of  the  partially 
decomposed  rock  under  the  microscope;  and  the  further  absence  of  car- 
bonates in  the  residual  granite-decay  was  proved  by  testing  portions  of 
the  finely  powdered  rock  in  dilute  acid. 

Digestions  of  separate  portions  of  the  residual  products,  in  various 
stages  of  decomposition,  in  very  dilute  HCl  at  the  temperature  of  boil- 
ing water,  gave  solutions  varying  from  slightly  colored  to  a  deep  wine- 
red  in  color,  according  to  the  extent  of  decay  and  the  amount  of  iron 
oxide  liberated  from  the  iron-bearing  silicate  minerals  and  retained  in 
the  residual  product.  The  residues  from  these  separately  treated  por- 
tions of  decayed  rock  indicated,  according  to  the  degree  of  decay,  vary- 
ing amounts  of  the  fresh  and  partially  fresh  minerals,  quartz,  feldspar, 
and  biotite.  Numerous  magnetite  grains,  just  as  fresh  apparently  as  in 
the  unaltered  granite,  were  found  to  some  extent  in  all  the  residues. 
In  the  advanced  stages  of  decay,  represented  by  highly  ferruginous  red- 
colored  plastic  clays  distinctly  gritty  in  feeling,  owing  to  the  presence 
of  free  quartz  and  partially  decayed  silicate  minerals,  the  biotite  shreds 
are  changed  from  black,  highly  lustrous  plates  in  the  fresh  granite  to 
brittle  brass-colored  folise  in  the  ferruginous  clay,  and  are  slowly  soluble 
in  both  cold  and  hot  dilute  acid. 

DISCUSSION  OF  THB  CHEMICAL  ANALYSES 

Five  widely  separated  sections  of  the  massive  even-granular  granites 
were  selected  for  making  chemical  analyses  of  the  fresh  and  correspond- 
ing decltyed  rock  for  purposes  of  illustrating  the  changes  accompanying 
the  transition  in  weathering.  The  residual  product  represented  stages 
of  decay,  varying  from  distinctly  discolored,  hard  and  firm  rock  to 
highly  ferruginous  red  plastic  clays.  A  careful  study  of  the  tables  of 
analyses,  representing  the  rocks  in  various  stages  of  decay,  shows  the 
principal  features  in  the  change  from  fresh  to  decayed  granite.  On  the 
assumption  of  constant  Fe^O,  the  following  calculated  maximum  and 
minimum  percentage  amounts  of  each  constituent  have  been  retained  or 
saved,  according  to  the  corresponding  stage  in  decay  : 

Maximum  Minimum 

SiO, 92.20  22.80 

AljO, 99.37  5fi.l8 

CaO 57.28  1.18 

MgO 84.21  12.06 

Na,0 85.86  7.85 

K,0 • 96.60  8.26 
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The  transition  from  fresh  to  decayed  granite  is  accompanied  in  every 
case  by  a  gain  in  H,0,  which  increases  in  amount  proportional  to  the 
stage  in  weathering.  The  percentage  loss  for  the  entire  rock  is  also  pro- 
portional to  the  degree  of  decay  reached  in  the  residual  product.  The 
amount  lost  for  the  entire  rock  varies  from  8.14  to  71.82  per  cents  re- 
spectively. The  figures  further  indicate  that  the  early  stages  in  weath- 
ering are  mostly  in  the  nature  of  disintegration,  while  the  chemical 
forces — decomposition — become  the  principal  agents  in  the  transforma- 
tion in  the  later  stages.  The  residual  soils  are  accordingly  gray  in  color 
and  principally  sandy,  or  deep  red  in  color  and  principally  clayey. 


PoRPHYBiTic  Granite 

CHARACTER  AND  COMPOSITION 

Three  of  the  largest  and  most  typical  porphyritic  granite  areas  were 
selected  for  indicating  the  processes  involved  in  the  weathering  of  this 
type  of  rock  in  Georgia.  Two  of  the  areas  represent  the  massive  por- 
phyritic granite,  while  the  third  is  a  pronounced  foliated  type  of  the 
same  rock.* 

This  type  of  granite  only  differs  from  the  equivalent  even-granular 
facics  in  porphyritic  structure,  and,  as  a  rule,  somewhat  coarser  grained 
in  texture.  The  porphyritic  texture  grades,  in  most  cases,  into  the 
even-granular  granite  facies  peripherally,  with  no  difference  shown  in 
mineral  and  chemical  composition.  They  consist  of  a  coarse  grained 
granite  matrix  of  quartz,  feldspar,  and  biotite,  in  which  are  imbedded 
potash  feldspar  phenocrysts  10  to  50  millimeters  long  and  5  to  10  milli- 
meters across ;  idiomorphic  to  allotriomorphic  in  crystal  outline,  with 
pronounced  cleavages  parallel  to  (001)  and  (010),  and  are  twinned 
according  to  the  simple  type  of  Carlsbad  twins. 

The  weathering  of  the  natural  rock  exposures  in  the  field  is  in  every 
way  analogous  to  that  of  the  massive  granites,  with  usually  no  visible 
difference  apparent  between  the  two,  on  textural  grounds.  The  chem- 
ical changes  accompanying  the  transition  from  fresh  to  decayed  rock 
are  closely  similar  in  the  two  types  of  granite. 

DISCUSSION  OF  THE  CHEMICAL  ANALYSES 

The  principal  features  to  which  attention  need  here  be  called  are  (1) 
a  gain  in  H,0,  which  increases  as  the  change  becomes  more  advanced ; 
(2)  a  total  percentage  loss  for  the  entire  rock,  varying,  according  to  the 


98        T.  L.  WATtiON — WKATUEKING  OF  GRANITIC  ROCKS  OF  GEORGIA 

coropletene8s  of  the  change,  from  15.84  to  35.07  per  cents  respectively  ; 
(3)  the  transition  from  fresh  to  decayed  granite  has  been  accompanied 
by  the  retention  of  the  following  maximum  and  minimum  percentage 
amounts  of  each  constituent  saved : 

Maxlmnm  Minimum 

8iO, 81.72  60.64 

Al,0, 92.51  89.11 

OaO 86.64  3.71 

MgO 60.04  58.23 

Na,0 91.29  26.26 

K,0    93.16  52.18 

Granite-gneiss 

The  Lithonia  area  of  contorted  gneiss  in  DeKalb  county  best  illus- 
trates the  character  of  and  changes  incidental  to  the  weathering  common 
to  this  type  of  rock  in  Georgia.  It  has  been  shown  elsewhere  by  the 
writer  that  the  gneisses  of  Piedmont,  Georgia,  are  closely  similar  to  the 
granites  in  chemical  and  mineralogical  composition,  and  are  accordingly 
metamorphosed  granites.  The  gneisses  are  only  distinguished  from  the 
massive  granites  by  a  pronounced  banded  or  schistose  structure  subse- 
quently induced  by  metamorphism.  They  are  therefore  designated 
granite-gneisses  in  contradistinction  to  gneisses  of  known  sedimentary 
origin. 

The  sap  (partially  decayed  surface  rock)  of  the  doming  masses  of 
Lithonia  granite-gneiss  and  the  adjacent  famous  Stone  Mountain  granite 
boss  is  very  thin,  rarely  averaging,  as  a  rule,  more  than  two  inches  in 
thickness.  It  is  hard  and  firm  surface  rock,  discolored  a  slight  red 
from  the  partial  hydration  and  oxidation  of  the  biotite.  The  feldspars 
are  dull  and  opaque  from  kaolinization,  and  in  most  cases  the  rock  in- 
dicates alteration  to  a  greater  depth  than  the  discolored  portion,  mani- 
fested by  general  dullness  in  appearance  of  the  stone  through  more  or 
less  feldspathic  alteration.  Numerous  exposed  sections  of  apparently 
completely  disintegrated  and  decomposed  granite-gneiss  are  exposed, 
varying  in  depth  from  10  to  15  feet,  with  the  schistosity  of  the  original 
fresh  rock  almost  perfectly  preserved  in  the  residual  clays  forming  the 
sections. 

Microscopically  the  gneisses  are  composed  of  quartz,  orthoclase  and 
microcline,  intergrown  with  a  second  feldspar,  albite  in  the  form  of 
microperthitic  intergrowths,  an  acid  plagioclase  near  oligoclase,  and 
biotite.     A  little  magnetite,  garnet,  some  apatite,  and  zircon  are  present. 
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More  or  less  chlorite,  muscovite,  and  epidote  occur  as  secondary  min- 
erals derived  from  the  alteration  of  the  feldspars  and  biotite.  The  pot- 
ash feldspars  predominate  and  the  species  vary  in  amount  from  place 
to  place.  Microcline  is  somewhat  more  abundant  than  in  the  even- 
granular  granites  and  their  equivalent  porphyritic  facies.  The  plagio- 
clase  also  varies  in  amount.  The  chemical  analyses  corroborate  the 
inference  that  the  plagioclase  is  oligoclase  in  the  percentage  of  lime 
present.  They  further  indicate  a  larger  percentage  of  free  quartz  than 
the  massive  granites  and  their  porphyritic  facies,  which  is  confirmed  by 
the  microscope.  Slight  peripheral  shattering  of  the  larger  quartz  and 
feldspar  crystals,  numerous  lines  of  fracture,  and  wavy  extinction  com- 
mon to  these  two  minerals  afford  evidence  of  the  effects  of  dynamo- 
raetamorphism. 

The  physical  and  chemical  changes  involved  in  the  processes  of  decay 
of  the  gneisses  are  strikingly  similar  to  those  of  the  granite  types. 

The  following  conclusions  are  based  on  the  percentage  amounts  saved 
and  lost  per  each  constituent,  and  the  total  loss  for  the  entire  rock,  cal- 
culated from  the  analyses  of  the  fresh  and  corresponding  decayed  rock, 
on  an  assumed  Fe,0,  constant  factor. 

A  careful  study  of  the  tables  of  chemical  analyses  of  the  fresh  rocks 
and  their  corresponding  decayed  products  shows  the  amount  of  water  to 
rapidly  increase  as  the  decomposition  advances,  which,  as  Merrill*  has 
shown,  becomes  the  most  important  factor  in  the  earlier  stages  of  rock 
weathering.  The  change  has  in  every  case  been  accompanied  by  a  loss 
in  the  silica,  a  proportional  greater  loss  in  the  alkalies,  lime,  and  mag- 
nesia, with  a  proportional  increase  in  the  iron  oxide,  and  in  some  cases 
in  the  alumina. 

The  decayed  product  of  the  Georgia  granites  invariably  show  an  abun- 
dflnce  of  quartz  grains  derived  from  the  free  quartz  in  the  fresh  granite. 
In  roost  cases  the  quartz  granules  have  been  only  slightly  corroded  and 
are  prevailingly  angular  in  outline.  Frequent  examination  of  the  quartz 
grains  in  the  residual  clays  was  made  under  the  microscope  for  evidence 
of  etching  and  solution,  but  positive  evidence  was  lacking  in  every  case. 
The  loss,  therefore,  in  this  constituent  in  the  Georgia  granites  has  been 
derived  in  large  part,  if  not  entirely,  from  the  silicate-bearing  minerals, 
feldspar  and  biotite,  which  was  doubtless  removed  with  the  alkaline  solu- 


♦  Rookfl,  Rock  Weathering,  and  Soils,  New  York,  m»7.  p.  234. 
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lion  of  the  more  soluble  constituents,  as  liberated  in  the  free-nascent- 
state.  It  has  been  shown,*  however,  that  rocks  composed  of  silicate 
minerals,  almost  or  entirely  lacking  in  alkalies,  lost  a  portion  of  their 
silica  with  equal  readiness.  This  has  been  explained  on  the  supposition 
that  as  the  silica  was  liberated  in  the  nascent  state  it  was  soluble  either 
in  pure  or  carbonated  water. 

The  iron  is  mostly  present  in  these  rocks  in  the  form  of  ferrous  iron. 
The  stability  of  this  constituent  characterizing  all  the  analyses  of  the 
fresh  and  decayed  rocks  may  be  readily  accounted  for  on  the  supposi- 
tion that  the  decomposition  was  promoted  in  a  sufficient  supply  of 
oxygen,  whereby  all  of  the  iron  was  converted  into  the  form  of  insoluble 
hydrated  sesquioxide  and  retained  with  the  residue.  The  analyses  in- 
dicate only  a  slight  loss  in  most  cases  in  the  alumina,  while  in  others 
it  has  all  been  retained  in  the  transition  from  the  fresh  to  the  decayed 
rock. 

The  lime,  magnesia,  and  alkalies  obey  the  usual  laws  in  the  propor- 
tional amounts  lost  and  saved  for  such  rocks.  The  lime  has  invariably 
disappeared  in  larger  percentage  amounts  than  the  magnesia,  and  like- 
wise the  sodium  salts  have  been  removed,  as  a  rule,  in  larger  quantities 
than  those  of  potassium.  The  feldspars  are,  of  course,  the  principal 
source  of  the  soda  and  potash  in  the  rocks,  and  the  removal  of  soda  in 
larger  amounts  than  the  potash  indicates  that  the  potash  feldspar  varieties 
are  more  refractory  toward  normal  atmospheric  agencies  than  the  soda- 
lime  or  plagioclase  varieties.! 

The  accessories — tourmaline,  magnetite,  zircon,  and  garnet — all  occur 
to  some  extent  in  the  residual  granite  sands  scarcely  affected  at  all  by 
the  atmospheric  agents. 

In  the  most  advanced  stages  of  decay  the  residual  product  is  a  highly 
plastic  ferruginous  clay,  rendered  gritty  from  the  presence  of  free  quartz 
granules  mainly,  along  with  a  small  percentage  amount  of  the  unde- 
composed  silicate  minerals.  In  such  cases  the  transition  from  fresh  to 
decomposed  rock  has  been  accompanied  by  an  unusually  large  propor- 
tional loss  in  the  constituents,  greatly  exceeding  in  several  instances  60 
per  cent.J  In  these  cases  the  change  is  not  far  from  complete,  as  shown, 
not  only  in  the  chemical  analyses,  but  in  the  relatively  small  amounts 
of  undecomposed  minerals  present  in  the  clay  as  well.     Where  the  change 


*  Ebolmen  :  Ann.  des  Mines,  1845,  vol.  vli. 

Merrill,  Geo.  P.  ;  Op.  cit„  pp.  226,  227. 

tRoth*a  Allegemeine  n.  Chemi.sche  Geotogie,  3d  edition,  2d  heft.  Geldmacher  M.,  Beitrnge 
«ur  Verwitterung  der  Porphyre,  Leipzig,  1889.  Lemberg,  Zeit.  der  Dent.  Geol.  Gesellftchnft,  1876, 
p.  28. 

J  Merrill,  Geo.  P.:  Rocks,  Rock  Weathering,  and  Soils,  New  York,  1897,  p.  2M. 
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is  accompanied  by  so  large  a  total  loss  in  the  confititifehts  for  the  entire 
rock,  the  j)roce8s  is  an  advanced  one  and  entirely  in  {he'hfjiture'of  chem- 
ical decomposition.  In  the  earlier  stages  of  weathering  the  rock'  begins 
to  crumble  and  is  ultimately  reduced  to  a  light  gray-colored''f!;rHhi'tic 
sand,  through  hydration  and  temperature  changes — disintegratioi^ — 
accompanied  by  only  slight  chemical  change.  The  following  summary 
of  results,  showing  the  total  percentage  loss  of  constituents  for  the  entire 
rock  in  the  various  stages  of  decay,  as  calculated  from  the  analyses,  will 
indicate  to  some  extent  whether  the  process  involved  has  been  mainly 
one  of  decomposition  or  disintegration : 

To.».iu»  Totftl  loss  for 

^o^^^^^y-  entire  rock. 

Average  of  analyses  from  the  Crossley  and  Southern  Granite  Ck)m- 

pany's  quarries 7.68 

Swift  and  Wilcox  quarry,  near  Elberton 7.92 

Goggin's  Granite  Company's  quarry,  near  Oglesby 8. 14 

The  Lexington  Blue  Granite  quarry,  near  Lexin}2[ton 14.56 

Heggie  Rock,  Columbia  county 15.84 

Crossley  quarry,  near  Lithonia 26.49 

Brinkley  place,  near  Camak 34.04 

McCollum  quarry,  Coweta  county 35.07 

Coggin's  Granite  Company's  quarry,  near  Oglesby .'. .  36.38 

Cole  quarry,  near  Newnan 38.48 

Greenville  Granite  Company's  quarry,  near  Greenville 61.85 

Greenville  Granite  Company's  quarry,  near  Greenville 71.82 

* 
In  the  Georgia  granitic  rocks,  it  is  observed  that  in  some  localities  the 

biotite  begins  to  give  way  first,  while  in  others  the  feldspar  appears  to 
be  the  most  affected  ;  and  in  others  still  the  rate  of  decomposition  is 
seemingly  about  equal  for  the  two  minerals.  The  problem  is  somewhat 
complicated,  however,  in  the  case  of  the  Georgia  rocks,  owing  to  the 
large  proportion  of  plagioclase,  soda-lime,  feldspar  present,  and  the 
abundance  of  microperthitic  structures  common  to  the  potash  feldspar 
varieties. 

During  the  early  stages  of  weathering  in  these  rocks  chemical  decom- 
position is  subordinated  to  physical  disintegration,  and  the  rocks  have 
suffered  mainly  through  temperature  changes,  such  as  produce  granula- 
tion and  weakening  in  the  adhesive  power  between  the  individual  min- 
erals—feldspar and  biotite — resulting  in  crumbling  along  the  planes  of 
cleavage.  Freezing  and  solution  have  aided  in  the  process,  but  owing 
to  the  low  absorptive  power  of  the  Georgia  rocks,  they  can  not  be  con- 
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•  •      • «    • 

Bidered  as  essenftl^'^eictors.  The  following  tabular  statement  shows  the 
percentage  or•r!^fcK)*of  absorption  for  the  Georgia  granites,  determined 
by  tb^'.wriler  in  the  laboratory  of  the  State  survey : 


• .  '•  •  • 


••• 


•  •   ,  • 

•     •    •!•   • 


T  ^^.iu«.  Gain  in  ab-       Percentoge 

Liocftllly.  Borbed  water,  of  absorption. 


The  Charley  Rocker  quarry,  Hancock  county 0.04  0.037 

The  Sparta  quarry,  Hancock  county '. 0.04  0.049 

The  liexington  Blue  Granite  quarry,Oglethorpe  county.        0.08  0.092 

The  Diamond  Blue  Gmnite  Company's  quarry,  Ogle- 
thorpe county 0.11  0.088 

The  Swift  and  Wilcox  quarr>',  Elbert  county 0.08  0.090 

The  Wright  place,  Elbert  county 0.09  0.092 

Tate  and  Oliver  quarry,  filbert  county 0.08  0.093 

Coggin's  Granite  Company's  quarry,  Elbert  county. . .  0.15  0.090 

The  Childs's  quarry,  Elbert  county 0.17  0.092 

The  Snell  quarry,  Gwinnett  county 0.10  0.075 

The  Linch  quarry,  Putnam  county 0.04  0.060 

Greenville  Granite  Company's  quarry,  Greenville 0.11  0.086 

The  Odessa  quarry,  Meriwether  county  0.05  0.056 

Stone  Mountain  Granite  quarries 0.09  0.067 

Arabia  Mountain  Granite  quarries 0.04  0.050 

Pine  Mountain  Granite  quarries 0.00  0.073 

The  fact  that  granitic  rocks  may  undergo  extensive  disintegration 
with  but  slight  decomposition  has  been  emphasized  by  several  writers.* 
Numerous  cases  where  the  rocks  have  been  resolved  into  residual  pro- 
ducts from  disintegration  with  little  decomposition,  and  also  where 
decomposition  follows  so  closely  on  disintegration,  the  former  greatly 
predominating,  are  well  illustrated  among  the  various  types  of  the 
Georgia  granites.  The  data  are  yet  insuflScient,  however,  to  draw  any 
definite  conclusions  concerning  the  difference  in  weathering,  if  there  be 
any,  between  the  fine  and  coarse  grained  granites  of  the  state  ;  that  is, 
to  state  definitely  whether  the  coarse  grained  varieties  suffer  mainly  from 
disintegration  and  the  finegrained  ones  by  disintegration  closely  followeti 
by  decomposition. 

The  early  stages  in  the  processes  of  weathering,  as  elsewhere  pointed 
out  in  this  paper,  for  each  type,  fine  and  coarse  grained,  of  the  Georgia 

•  Voyage  of  the  Vega,  1881,  vol.  ii,  p.  420.  Quoted  by  Merrill,  Geo.  P^  op.  cit.,  p.  242.  Bull.  Gcol. 
8oc.  Am.,  1895,  vol.  6,  pp.  321-332;  also.  Rocks,  Rock  Weathering,  and  Soils,  1897,  pp.  20ft-213 ;  Rockf^, 
Rock  Weathering,  and  Soils,  1897,  p.  243. 


RESUME  1U3 

rocks  is  maiuly  one  of  disintegration  accompanied  by  some  chemical 
change,  while  the  later  stages  are  as  prevailingly  characterized  by  de- 
composition, resulting  in  the  production  of  a  stiff,  plastic  red  clay.  The 
earlier  stages  in  the  weathering  of  the  fine  grained  granite  are  apparently 
the  same  as  for  the  similar  stages  in  the  coarse  grained  porphyritic 
granites.  The  same  statement  holds  for  the  two  types  in  the  advanced 
stages  of  weathering — decomposition.  The  striking  similarity  in  the 
granite,  porphyritic  granite,  and  gneiss,  as  relating  to  solubility  in  acids, 
is  well  illustrated  in  the  percentage  amounts  of  soluble  matter  extracted 
from  weighed  portions  of  the  finely  powdered  fresh  rock,  by  digestion 
in  100  cc.  of  half  normal  HCl  for  three  hours,  at  the  temperature  of 
boiling  water. 

Per  cent  of 
Granites  soluble  matter. 

The  Oglesby  blue  granite,  Elbert  county 10.56 

The  Hutciiins  blue  granite,  Oglethor|)e  county 9.77 

Swift  and  Wilcox  light  gray  granite,  Elbert  county 9.20 

Echors  mill  light  gray  granite,  Oglethorpe  county 8.37 

Average , 9.475 

Porphyritic  GraniU 

Heggie  Rock,  Columbia  county 10.98 

Heggie  Rock,  Columbia  county  (decay) 12.69 

Brinkley  place,  near  Camak 1 6.29 

Brinkley  place,  near  Camak  (decay) 23.69 

Porphyritic  granite  near  Line  creek,  Fayette  county.* 9.47 

.\ verage  of  fresh  rock 12.246 

Granite-gneiss 

Southern  Granite  Company's  quarry,  near  Lithonia 7.58 

Arabia  Mountain  quarries,  De  Kalb  county 6.06 

Tilley  quarry,  Rockdale  county 5.94 

Average 6.526 

The  lower  percentage  of  soluble  matter  in  the  granite-gneisses  over 
the  granites  and  their  porphyritic  facies  is  readily  accounted  for  on  the 
ba.sis  of  this  rock  type  containing  a  larger  amount  of  free  quartz,  as  shown 
in  the  chemical  analyses.  The  inference  is  also  corroborated  by  micro- 
scopic study.     In  each  case  where  the  total  percentage  of  extract  from 
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the  decayed  rock  was  determined  an  increase  over  the  corresponding 
extract  from  the  fresh  rock  was  indicated.* 

Cause  of  red  Color  of  the  Soil 

The  cause  of  color  variation  in  soils  has  been  discussed  in  recent  years 
by  Crosby ,t  Dana,J  Russell,  §  and  Merrill.||  Thus  far  the  writer's  obser- 
vations are  in  accord  with  those  of  Crosby  and  Merrill  in  supposing  this 
to  be  a  superficial  phenomenon.  The  most  brilliant  hues  are  observed 
to  be  confined  to  the  immediate  surface  portions,  varying  from  an  inch 
to  many  feet  in  depth,  which  gradually  give  way  in  turn  to  more  mod- 
est hues  of  yellow  and  brown,  and  finally  pass  into  the  grays  and  other 
colors  of  the  fresh  parent  rock  beneath,  as  the  depth  increases.  Such  a 
transition  may  be  observed  in  almost  any  recent  excavation  in  the  crys- 
talline belt  of  the  southern  Appalachians.  There  are,  however,  two 
exceptions  to  this  which  without  proper  dififerentiation  will  prove  very 
misleading : 

(1)  In  those  cases  where  the  sections  have  been  exposed  for  some 
time  the  transition  in  vertical  section  becomes  quickly  obscured  by 
the  washing  down  of  the  brilliant  ochreous  coloring  matter  from 
above,  frequently  coating  the  section  face  to  the  entire  depth  of  ex- 
posure with  a  varying  thickness  of  the  ferruginous  wash  of  appar- 
ently the  same  degree  of  color.  This  invariably  happens,  and  may 
be  observed  to  advantage  after  heavy  rains  in  almost  any  part  of  the 
above  belt. 

(2)  In  still  other  cases  exceptions  are  to  be  found  in  the  weathering 
along  the  joint  planes  and  other  approximately  vertical  as  well  as 
horizontal  planes  of  weakness  found  cutting  the  rock  masses.  In  these 
the  color  is  most  intense  along  the  immediate  surface  of  the  planes, 
and  extends  oftentimes,  in  case  of  the  vertical  planes,  to  a  considerable 
depth. 

Crosby  is  inclined  to  regard  the  increase  in  color  of  the  superficial 
portions  to  be  due  wholly  to  dehydration  of  the  ferric  salts,  while  Mer- 
rill recognizes  not  merely  the  quality  of  the  coloring  matter,  but  emplia- 
sizes  the  importance  of  quantity  as  well.     Merrill^  says:  "  This  is  well 

♦Geo.  p.  Morrill  :  Op.  cit.,.1897,  p.  219 ;  Bull.  Geol.  Soc.  Am.,  1896,  vol.  7,  pp.  349-362. 

t  W.  O.  Crosby  :  Proceedings  Boston  Soc.  Nat.  Hist.,  1884-1«88  (1888),  vol.  xxiii,  pp.  219-222;  Tech- 
nological Quarterly,  1891,  vol.  iv,  p.  36. 

J  J.  D.  Dana:  Amcr.  Jour.  Sci.,  1890,  xxxix,  pp.  317-319. 

2  I.  C.  Russell :  U.  S.  Geol.  Survey,  Bulletin  no.  52,  1889,  6o  pp. 

(Geo.  P.  Merrill :  Bull.  Geol.  Soc.  Am.,  1897,  vol.  8,  pp.  161-162;  Rocks,  Rock  Weathering  «n4 
Soils,  1897,  pp.  384-386. 

f  Bull.  Geol.  Soc.  Am.,  1897,  vol.  8,  p.  162. 
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Bhown  in  the  fractional  separations  made  by  washing  these  residual 
clays  and  sands,  whereby  they  are  separated  into  proportional  parts  of 
varying  d^rees  of  fineness.''  It  has  been  recently  shown  in  climates 
where  rock  weathering  is  accompanied  by  a  leaching  process,  in  which 
the  more  soluble  constituents  are  more  or  less  gradually  removed  in 
solution,  the  ferric  and  alumina  salts  are  found  to  be  the  most  refrac- 
tory of  the  essential  constituents  in  igneous  rocks.  The  resulting  final 
product  of  decomposition  consists  therefore  of  a  highly  ferruginous  clay, 
composed  mainly  of  the  hydrated  aluminous  silicates,  free  iron  sesqui- 
ozides,  and,  in  the  case  of  acid  rocks,  additional  free  silica. 

Merrill  *  remarks  that,  all  things  being  equal,  the  depth  or  degree  of 
color  indicates  advanced  decomposition  and  also  geological  age.  This 
statement  accords  well  with  the  writer's  work  on  the  Georgia  granites. 
The  gray  soils  derived  from  the  granitoid  rocks  of  the  state  represent  not 
an  advanced  stage  of  decomposition,  but  mainly  a  process  of  disintegra- 
tion manifested  in  the  partial  kaolinization  of  the  feldspars  and  a  slight 
rusting,  oxidation  of  the  biotite ;  while  the  red  soils  derived  from  the  same 
rocks  are  invariably  deep,  red  ferruginous  clays  in  which  the  biotite  is 
thoroughly  leached  and  oxidized  and  the  feldspars  nearly,  if  not  entirely, 
kaolinized.  Stated  somewhat  differently,  the  gray  soils  contain  an  abun- 
dance of  all  the  component  minerals  present  in  the  fresh  rock,  but  slightly 
altered  chemically  ;  are  highly  porous,  sandy  soils,  from  which  clay  is 
essentially  absent,  and  have  been  derived  from  the  fresh  rock  chiefly  by 
disintegration.  The  red  soils,  on  the  other  hand,  contain  comparatively 
only  a  very  small  percentage  of  the  undecomposed  silicate  minerals ; 
are  deep  red,  ferruginous,  stiff  clays,  rendered  more  or  less  gritty  from 
the  presence  of  free  quartz,  and  have  resulted  from  decomposition.  The 
gray  soils  represent,  therefore,  the  earlier  stages,  disintegration,  in  the 
weathering  of  the  rocks,  while  the  red  soils  are  conversely  the  products 
of  decomposition  and  represent  the  advanced  stages  in  the  change. 

While  quantity  of  pigment — ferric  oxide — seemingly  controls  or  rather 
accounts  for  the  brilliant  coloring  of  the  soils  in  general,  conditions 
afford  strong  indications,  at  least,  of  the  suggestion  of  presence  of  some 
other  factor  or  factors  of  marked  importance.  In  support  of  this  state- 
ment the  author  has  critically  examined  all  available  authentic  analyses 
of  the  decayed  rock  products  and  carefully  noted  each  writer's  descrip- 
tion as  to  color.    One  or  two  illustratio*ns  will  sufiice : 

Dr  Merrill  f  has  described  the  weathering  of  a  micaceous  gneiss  from 
Albemarle  county,  Virginia,  the  decayed  product  —  residual  soil  —  of 


*  Rocks,  Rock  WeatherinK,  and  SoiIh,  1897,  p,  380. 
Bull.  Geol.  Soc.  Am.,  1807,  vol.  8,  pp.  157-168. 
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which  he  characterizes  as  "  highly  plastic  "  and  **  deep,  red-brown  ''  in 
color,  yielding  on  chemical  analysis  12.18  per  cent  of  Fe^Oj. 

The  writer  (Watson)  has  described  elsewhere  the  changes  incident  Co 
the  weathering  of  an  even  grained  granite  near  Greenville,  Meriwether 
county,  Georgia,  the  accompanying  residual  product  from  which  is  h 
highly  ferruginous  deep  red,  dark  colored,  stiff,  plastic  clay,  slightly 
gritty,  chiefly  from  free  quartz,  and  yielding  on  chemical  analysis  only 
6.33  per  cent  of  Fe,0,. 

Still  another  case  in  question  is  the  weathering  of  a  similar  fine  and 
even  grained  granite  near  New  nan,  Georgia.  The  residual  product 
from  this  granite  is  a  clayey  mass,  less  plastic  and  not  so  dark  in  color 
as  the  Greenville  material,  but  is  a  bright  cherry-red  in  color,  and 
yields  only  1.91  per  cent  of  Fe^O,  on  analysis.  Practically  the  same 
results  are  shown  on  comparing  the  recorded  results  of  basic  igneous 
rocks.  According  to  these  data,  we  apparently  have  residual  products 
of  essentially  the  same  character  and  depth  of  color,  but  varying  evi- 
dently in  the  amount  of  coloring  matter — ferric  oxide — present.  The 
two  extremes  are  represented  by  12.18  and  1.91  per  cents  respectively^ 
the  former  containing  more  than  six  times  the  amount  of  ferric  oxide 
shown  in  the  latter,  and  yet  the  same  results  as  regards  color  are  seem- 
ingly produced. 

Rksults  based  on  assumptively  insoluble  ALjOj  and  Al^O, +  Fk,0, 

.  It  has  been  shown*  that  of  the  essential  constituents  in  silicious  crys- 
talline rocks  the  iron  and  aluminum  oxides  are  the  most  refractorv,  and 
accordingly  the  least  likely  to  suffer  loss  during  the  processes  of  rock 
degeneration.  The  work  of  Dunnington,t  Clarke,!  ^^^^  Smyth§  strongly 
indicates  concentration,  instead  of  loss,  in  titanium,  in  the  residual 
product  derived  from  the  titanium-bearing  minerals,  upon  weathering. 
This  element  occurs  so  sparingly  distributed  through  the  acid  crystal- 
line rocks,  averaging,  as  a  rule,  less  than  0.5  of  1  per  cent,  that  it  can  not 
be  regarded  as  a  safe  basis  of  assumption  for  calculating  the  percentage 
amounts  of  the  more  essential  constituents  saved  and  lost  present  in  the 
rock.  The  same  statement,  as  regards  concentration  instead  of  loss,  also 
applies  in  some  cases  to  several  other  ones  of  the  accessory  minerals 
sometimes  present. 


♦  Merrill,  Geo.  P.,  op.  cit. 
t  Amer.  Jour.  Sci.  {'Mi  Her.),  xli,  pp.  491-49o. 
;  U.  S.  Geol.  Survey,  Bulletla  no.  78,  pp.  34-42. 
§  Bull.  (;ool.  Soo.  Am.,  1898,  vol.  »,  pp.  :io7-269. 
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In  the  Georgia  granitic  rocks  the  iron  and  aluminnmoxideshave  proved 
the  most  resistant  of  the  constituents  present  toward  the  weathering 
agents,  and  while  the  ratio  of  increase  for  the  two  is  nearly  the  same, 
that  of  the  iron  is,  with  several  exceptions,  slightly  greater  than  alumina, 
and  has  therefore  been  assumed  to  remain  constant  for  convenience  of 
comparison  of  the  analyses  of  the  fresh  and  decftyed  rock  in  tables  I,  II,V, 
VI,  VIII,  and  IX.  The  figures  in  the  tables  of  analyses  disclose  the 
fact  that  the  percentage  of  iron  oxide  in  the  fresh  and  decayed  rock  is 
strikingly  smaller  than  that  of  the  alumina.  While  the  ratio  of  increase 
in  the  iron  oxide,  as  pointed  out  above,  is  slightly  greater  than  that  of 
the  alumina  for*the  decayed  and  fresh  rock,  the  writer  has  recalculated 
in  a  similar  manner  all  of  the  results :  first,  on  the  assumption  of  an 
AljOj  constant  basis ;  and,  second,  on  the  assumption  of  an  Al^O,  +  FCjO, 
constant  basis  in  order  to  make  comparisons  and  point  out  the  possible 
(liiferences  resulting.  The  percentage  amount  of  alumina  is  greater  in 
every  case  of  the  Georgia  granites  for  the  decayed  product  than  for  the 
corresponding  fresh  rock,  and  is  present  in  larger  amounts  than  any 
other  single  constituent  where  increase  in  the  decayed  over  .the  fresh 
rock  is  indicated.  Briefly  stated,  a  comparative  study  of  the  tables  based 
on  the  assumption  of,  first,  an  Al^O,,  and  next,  an  A1,0,  +  Fe,0,  con- 
stant, shows : 

1.  That  on  the  assumption  of  constant  A1,0„  the  Fe,0,  like  the  H,0  in- 
dicates a  slight  gain,  owing  to  the  ratio  of  increase  being  greater  for  the 
iron  oxide  than  for  the  alumina. 

2.  The  calculated  percentage  amounts  of  the  constituents  saved  and 
lost  are  in  similar  ratios  for  the  three  cases,  but  differ  in  actual  amounts 
in  each  one.  The  constituent  showing  the  greatest  loss  under  one  as- 
sumed constant  likewise  indicates  similar  loss  for  the  other  two  assump- 
tions. The  percentage  amount  lost  or  saved  for  any  one  constituent  is 
not  the  same  in  the  three  cases. 

3.  The  total  percentage  loss  for  the  entire  rock  is  invariably  greater 
on  the  assumption  of  an  FcjO,  constant  than  for  the  other  two  assumpt- 
ively  insoluble  constituents.  In  each  case  the  lime  salts  have  been  re- 
moved in  larger  amounts  than  the  magnesia,  and  similarly  the  soda 
has  suffered  a  greater  loss  than  the  potash.  The  fact  particularly  em- 
phasized is  the  greater  loss  for  the  entire  rock  on  the  Fe,Os  assumed 
(constant  over  that  of  the  A1,0,  and  Al^Oj  +  FCjO,  assumptions. 

The  tables  show  that  the  conclusions  stated  under  2  and  3  are  gov- 
erned directly  by  the  numerical  value  of  the  ratio  of  increase — factor — 
of  the  constituent  assumed  to  remain  constant  in  the  change  from  fresh  to 
residual  rock. 
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The  losses  for  the  entire  rock,  based  on  the  three  assumptively  in 
soluble  constituents,  are  tabulated  below  for  convenience  of  comparison 


Table. 

• 

Fe,0, 
constant 

f       8.14     \ 
\     44.52      [ 

A1,0, 
constant. 

Al,0,+Fe,O, 
constant. 

* 

I 

r       7.40     \ 
\     33.63     / 

r       6.73     \ 
I     34.2»     r 

• 

II 

14.56 

7.78 

8.43 

Ill 

7.92 

7.92 

IV 

38.48 

r     43.60     \ 
\     51.64     / 

33.72 

V 

f      61.85     \ 

\  71.82   r 

j     44.41      \ 
1     52.90      i 

VI 

• 

15.84 

5.59 

6.65 

VII 

34.04 

29.88 
21.10 

34.04 

VIII..... 

35.07 
26.49 

30.33 

IX 

21.61 

X 

7.68 

7.08 

t 
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Introduction 

The  reviewing  and  abstracting  of  the  chapters  of  the  final  report  of  the 
Geological  Survey  of  Minnesota,  so  far  as  they  treat  of  the  areal  geology 
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of  the  stiite,  have  brought  vividly  to  mind  some  of  the  general  physical 
features  which  have  not  been  grouped  nor  discussed  in  their  ensemble  in 
any  of  the  chapters  of  that  report.  Among  these  data,  which  are  scat- 
tered through  the  volumes  of  that  report,  none  stand  out  more  boldly 
than  those  pertaining  to  the  drift.  After  the  moraines  the  glacial  lakes 
are  perhaps  the  most  remarkable  and  most  interesting  phenomena  among 
the  drift  features. 

In  the  course  of  the  geological  survey  most  of  these  lakes  have  been 
referred  to — ^at  least  in  respect  to  some  of  their  features — and  some  of 
them  have  been  carefully  examined  and  described.  Most  of  them,  how- 
ever, have  not  been  mapped  nor  named.  The  attempt  is  here  made  to 
brin^  them  into  one  general  view,  to  give  each  a  brief  description,  and 
to  show  its  location  and  approximate  size  on  the  accompanying  map, 
plate  12. 

Beginning  with  the  southern  part  of  the  state,  where  the  first  of  these 
lakes  must  have  been  formed,  they  will  be  enumerated  progressively 
toward  the  north  approximately  in  the  order  of  their  date.  The  glacial 
lakes  here  named  reach  26  in  number.  It  is  certain  that  several  others 
might  be  named  which  apparently  existed  incidentally  near  the  outer 
limits  of  the  Wisconsin  ice-lobe,  both  in  the  southwestern  and  in  the 
southeastern  part  of  the  state.  Reference  will  be  made  to  some  of  these 
in  a  subsequent  paragraph.  Excluding  such  extra-limital  lakes,  the  fol- 
lowing will  here  be  described : 

Outlet  above 

Name.  ^  **»®  »«*• 

Feet 

1.  I^ake  Minnesota 1150 

2.  Lake  Undine 1020-1070 

3.  Lake  Faribault , 1160 

4.  Lake  Cottonwood ; 1075 

5.  Lake  Canby 1200 

6.  Lake  Antelope 1 175 

7.  Lake  Shakopee ^ 875 

8.  Lake  Hamline 940 

9.  Lake  Mahtomedi 950 

10.  Lake  Shafer 975 

11.  Lake  Agassiz 1050 

12.  Lake  Issati 1266 

13.  Lake  Aitkin 1205 

14.  Lake  Saint  Louis IIS^") 

15.  Lake  Nemadji 1070 

16.  Lake  Duluth  (or  Western  Superior  Glacial  lake) 1055 

1 7.  Lake  Nicollet 1390 

18.  Lake  Beltrami 1400 

19.  Lake  Thompson 1200 

20.  Lake  Big  Fork 1300 
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Outlet  abore 
Name.  *he  sea. 

Feet. 

21.  Lake  Upham 1300 

22.  Lake  Norwood 1460 

23.  Lake  Dunka 1495 

24.  Lake  Elflman 1700 

25.  Lake  Onnamani 1370 

26.  Lake  Omimi 1360 

It  should  be  further  premised  that  most  of  these  lakes  have  not  been 
traced  out  by  a  continuous  following  of  their  beach  lines,  and  some  o^ 
them  probably  can  not  be  so  defined,  owing  to  their  shifting  level  or 
their  short  duration.  Their  outlets  being  determined,  the  same  contour 
lines  have  been  assumed  to  show  sufficiently  for  this  purpose  the  area 
and  shape  of  the  several  lakes. 

General  Manner  of  Retreat  of  the  Ice-border 

It  has  been  said  repeatedly  in  the  reports  of  the  Minnesota  survey 
that  the  ice  came  on  Minnesota  from  two  directions,  from  the  northeast 
and  from  the  north-northwest.  This  is  true  at  least  of  the  glacier  bodies 
that  invaded  the  state.  The  origination  of  the  nev6  which  subsequently 
went  to  form  the  glaciers  was  probably  earliest  on  the  high  plateaus — 
that  is,  on  central  Minnesota  and  northwestern  Wisconsin.  Distinct 
giacierR  formed  first  and  continued  longest  in  the  lowlands,  and  disap- 
peared first  from  the  highlands.  In  other  words,  the  two  great  ice-lobes, 
which  deployed  first  independently  and  at  length  confluently  and  lastly 
retreated  separately,  had  their  central  axes  along  the  main  depressions. 
One  came  southward,  up  the  valley  of  the  Red  river  of  the  North,  turned 
southeastwardly  down  the  Minnesota  River  valley,  entered  the  Des 
Moines  valley,  and  extended  into  Iowa.  The  other  originated  as  a  mov- 
ing, flowing  ice  mass  essentially  in  the  valley  of  the  western  end  of  lake 
Superior,  and  in  the  upper  part  of  the  Mississippi  valley  it  became  con- 
fluent with  its  western  cotemporary,  and  thence  southward  they  alter- 
natingly  advanced  on  and  retreated  from  each  other  along  a  line  of 
contact  whose  complex  and  copious  morainic  accumulations  have  added 
great  diversity  to  the  drift  features  of  several  counties,  the  difficulties  of 
which  have  not  yet  been  fully  surmounted.  These  two  ice-lobes  retreated 
as  they  came,  one  north-northwestwardly  and  the  other  east- northeast- 
wardly, and  the  record  which  now  remains  is  essentially  that  produced 
by  this  retreat.  There  was  an  earlier  ice-sheet  whicli  extended  farther 
south  and  which  was  followed  by  ix  ]»eriod  of  land  surface  and  vegeta- 
tion.    There  is  no  doubt  that  that  earlier  drift  surface  had  some  effect 
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in  determining  the  present  general  topography,  in  some  such  manner  as 
the  rocky  substructure  imprints  itself  on  the  present  topography,  but 
the  legible  record  with  which  we  have  to  do  in  studying  the  glacial  lakes 
is  emphatically  that  of  the  Wisconsin  epoch,  the  last  which  visited 
Minnesota. 

Of  these  two  ice-lobes,  that  which  departed  latest  from  the  northern 
part  of  the  state  was  the  northeastern.  As  the  examination  of  the  state 
has  progressed  the  recognition  of  the  lake  Superior  ice-lobe  has  become 
more  and  more  pronounced  and  important.  The  extent  of  the  westward 
movement  of  drift  material  by  this  ice-lobe  has  been  traced  farther  and 
farther  to  the  west.  At  the  same  time  the  earlier  disappearance  of  the 
northwestern  ice-lobe  and  its  line  of  retreat  rather  toward  the  east-north- 
east— at  least  from  the  extreme  northern  part  of  the  state — have  been 
pretty  well  established.  It  appears  that  precipitation  sufficient  for  the 
support  of  these  ice-masses  was  maintained  longer  to  the  north  and  east 
of  lake  Superior  than  in  the  plains  of  the  Saskatchewan,  and  it  becomes 
probable  that  both  ice-lobes  sprang  from  the  Laurentide  birthplace  and 
were  differentiated  in  direction  of  flow  and  in  other  features  after  they 
were  gathered  into  the  great  valleys  where  their  separate  features  have 
been  separately  studied. 

Two  conditions  have  contributed  to  the  formation  of  glacial  lakes  in 
the  state  and  to  the  ease  with  which  they  can  be  identified  and  referred 
to  their  causes :  (a)  The  northward  slope  of  the  natural  surface  in  that 
portion  lying  north  of  the  continental  watershed.  (6)  The  duplex  char- 
acter of  the  drift,  namely,  the  gray  till,  from  the  northwest,  with  its  re- 
sultant gray  modified  drift,  and  the  red  till,  coming  from  the  northeasts 
with  its  characteristic  red  gravels  and  lacustrine  clays. 

It  was  in  studying  the  drift  of  northwestern  Ohio,  in  1870  and  1871, 
thatthe  writer  was  convinced  that  the  ice  was  a  barrier  which  ponded  back 
the  drainage  into  the  Maumee  valley,  and  he  impressed  that  view  on  Dr 
J.  S.  Newberry,  the  director  of  the  Ohio  survey.  The  lake  thus  formed  had 
its  outlet  into  the  Wabash  valley,  and  has  since  been  named  lake  Maumee. 
On  undertaking  the  Minnesota  survey  this  theory  was  at  once  applied 
to  the  Red  River  valley.  It  has  since  been  widely  applied  in  the  northern 
states,  where  glacial  lakes  have  been  recognized  in  great  numbers.  It  is 
probable  that  many  more  will  be  described.  It  seems  almost  an  invaria- 
ble law  that  in  valleys  sloping  toward  the  north,  and  hence  in  general 
toward  the  retreating  ice-margin,  glacial  lakes  should  be  formed.  By 
far  the  larger  number  of  glacial  lakes  are  found  to  have  been  due  to  such 
conditions.  A  small  number  have  been  due  to  the  oblique  transgression 
of  the  ice-lobe  across  a  southward  sloping  broad  valley,  forcing  the  river 
that  drained  such  a  valley  to  set  back  in  the  form  of  a  lake  until  \l^ 


RELATIONS   OF   KED   AND   GRAY   DRIFT  113 

surface  rose  high  enough  to  pass  over  or  round  the  margin  of  the  ice,  or 
over  a  low  watershed  and  reach  some  other  route  to  the  sea. 

The  relations  of  the  gray  drift  with  the  red  are  very  interesting.  Along 
a  central  belt  the  ice-lobes  met  at  their  margins.  Sometimes  the  gray 
till  overlies  the  red,  and  sometintes  the  reverse  occurs.  In  general  the 
gray  is  on  top  in  the  central  and  southern  counties,  and  in  the  northern 
the  red  till,  with  its  modifications,  was  latest  deposited.  Sometimes  they 
alternate  several  times.  This  complex  marginal  belt  extends  roughly, 
say,  from  southern  Rice  county  northward  to  Minneapolis,  thence  north- 
westwardly to  Itasca  lake,  where  it  turns  abruptly  eastward,  passes 
through  the  region  of  Winnibigoshish  lake  to  the  vicinity  of  Pokegama 
falls,  and  thence  in  general  coincides  with  the  Giants  range,  but  leaving 
that  range  so  as  to  cross  the  Pigeon  river  south  of  Fowl  lake. 

1.  Lake  Minnesota* 

This  lake  was  first  identified  and  named  by  Mr  Upham.*  As  de- 
scribed by  him,  its  outlet  was  through  the  Union  slough,  in  Kossuth 
county,  Iowa,  at  an  elevation  above  the  sea  of  approximately  1,150  feet. 
This  slough  occupies  a  continuou|  channel  from  the  most  southern 
headwaters  of  the  Blue  Earth  river  to  Buffalo  creek,  a  branch  of  the  Des 
Moines  river,  its  length  being  about  8  miles.  Its  width  is  from  one- 
eighth  to  one-fourth  of  a  mile,  the  enclosing  blufis  rising  steeply  from 
20  to  30  feet.  The  surface  of  the  surrounding  country  is  one  of  undu- 
lating till.  Near  the  Minnesota  boundary  line  this  channel  is  deeper, 
and  passes  by  almost  imperceptible  changes  into  the  channel  eroded 
in  the  smooth  area  covered  by  the  lake  since  the  glacial  period  by  the 
present  drainage. 

As  will  be  seen,  the  area  of  this  lake,  which  was  supposed  by  Mr 
Upham  to  have  extended  in  its  greatest  extent  far  toward  the  northwest, 
covering  nearly  all  the  valley  of  the  present  Minnesota  river  as  far  as 
Big  Stone  lake,  is  here  divided  into  four  lakes,  each  having  its  individ- 
ual outlet  at  a  level  somewhat  different  from  that  through  the  Union 
slough.  Even  with  this  reduction  it  covered  the  greater  part  of  Fari- 
bault, Waseca,  and  Watonwan  counties,  and  the  whole  of  Blue  Earth 
county,  and  its  depth  must  have  been  about  200  feet  in  the  northern 
part  of  Blue  Earth  county.  The  ice-barrier  to  which  this  lake  owed  its 
existence  was  a  fluctuating  obstruction,  and  it  must  have  caused  occa- 
sional important  changes  in  its  northern  limits.  .  On  the  plate  a  dotted 
line  indicates  the  approximate  position  of  the  southern  border  of  the  ice 

*0n  the  accompanying  plate  theHe  lakes  are  iudicated  by  the  number?  here  applied  to  them, 
t  Ninth  Annual  Report  of  the  Minnesota  Geological  Survey,  p.  :i41  ;  final  report,  vol.  i,  p.  4«). 
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at  the  time  when  this  lake  had  its  initiation  and  another  when  it  had 
its  greatest  extent.  No  attempt  is  made  here  to  correlate  this  limit  with 
any  of  the  moraines,  although  it  is  to  be  supposed  that  the  main  changes 
and  the  principal  epochs  of  duration  of  this  and  all  the  other  glacial 
lakes  were  determined  very  largely  by  the  main  steps  of  retreat  and  the 
stationary  epochs  of  the  ice-border. 

2.  Lake  Undine 

The  Undine  region  was  named  by  Nicollet.*  It  embraces  the  valley 
of  the  Mankato  river.  The  later  glacial  lake  to  which  the  name  is  ap- 
plied was  the  descendant  of  lake  Minnesota,  and  covered  part  of  the 
same  area,  but  extended  from  35  to  40  miles  farther  north.  The  outlet 
of  lake  Undine  was  through  the  Cannon  valley  in  Le  Sueur  and  Rice 
counties  at  an  elevation  of  about  1,070  feet,  or  80  feet  lower  than  the 
level  of  lake  Minnesota.  It  was  very  near  the  boundary  line  between 
Rice  and  T^e  Sueur  counties  that  the  waters  of  this  lake  began  the  de- 
scent of  the  Cannon  valley  eastward  to  the  Mississippi.  At  the  present 
time  the  surface  of  the  Cannon  river  at  that  point  is  994  feet  above  the 
sea.  The  river  lies  in  a  valley  whicji  is  enclosed  by  gravel  terraces  which 
afford  an  indication  of  the  original  height  of  the  Cannon  at  that  point 
and  of  the  erosion  which  the  gravel  has  suffered  since  its  first  distribu- 
tion. The  highest  gravel  terrace  at  the  commencement  of  the  outlet  of 
lake  Undine  requires  that  the  surface  of  the  water  at  first  was  at  least 
1,070  feet,  but  as  this  terrace  is  rather  broken  and  sometimes  blends 
with  the  till  surfaces,  it  is  very  evident  that  this  elevation  was  not  long 
maintained.  When  the  outlet  became  less  obstructed  by  the  glaciers 
the  water  of  lake  Undine  acquired  a  more  settled  stage,  and  a  second 
terrace,  which  is  much  more  marked  and  persistent  than  the  higher 
terrace,  affords  an  indication  of  the  approximate  level  of  the  water  dur- 
ing a  much  longer  period,  namely,  about  1,020  feet  above  tide.  It  is 
apparent,  therefore,  that  between  the  date  of  first  acquiring  the  outlet 
by  way  of  the  Cannon  valley  and  that  of  a  settled  stage  of  outflow  the 
level  of  lake  Undine  was  lowered  by  the  removal  of  obstruction  by  ice 
and  by  erosion  about  55  feet. 

No  attempt  has  been  made  to  trace  out  the  beach  lines  of  lake  Undine, 
but  that  they  could  be  identified  if  search  were  instituted  for  them,  there 
is  little  doubt.  The}*^  would  be  found  running  sou th westward ly  from 
the  outlet  in  esistern  Ije  Sueur  county  into  the  eastern  borders  of  Blue 
Earth  county,  westward  across  that  county,  where  delta  deposits  would 
probably  be  found  at  the  points  where  the  northward-flowing  streams 


*  Finnl  report  «»f  the  MiuiK'Hotn  G«'ologicul  Surv<*y,  vol.  1,  p.  71. 
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entered  lake  Undine,  which  was  formed  by  the  transportation  and  re- 
deposit  of  the  sediments  of  lake  Minnesota.  Thence  this  shoreline  must 
have  taken  a  winding  course,  with  islands  and  bays,  northwestwardly 
through  Watonwan  and  Brown  counties  and  far  into  Redwood  county, 
perhaps  as  far  as  Redwood  falls,  as  has  been  indicated  by  Mr  Upham. 
During  this  steady  stage  of  this  lake  the  margin  of  the  glacier  ran  some- 
where along  a  line  connecting  Scott  county  with  Redwood  county. 
This  lake  therefore  covered  Nicollet  county  and  portions  of  Sibley 
county,  lying  on  the  north  side  of  the  Minnesota  river.  There  can 
hence  be  no  question  that  these  counties  owe  to  this  lake  their  present 
smoothness  of  surface  and  their  arable,  fertile,  loamy  soil,  which  consti- 
tute their  chief  agricultural  attractions.  Swan  lake,  in  Nicollet  county, 
is  the  most  important  residuum  of  the  waters  of  lake  Undine. 

• 

3.  Lake  Faribault 

One  of  the  earliest  of  the  glacial  lakes  of  Minnesota  was  formed  by 
the  damming  of  the  waters  of  Straight  river,  by  the  margin  of  the  gla- 
cier which  ran  nearly  north  and  south  diagonally  across  Straight  valley. 
This  lake  was  confined  to  Rice  and  Steele  counties,  and  covered  the  site 
of  the  city  of  Faribault  with  about  200  feet  of  water,  but  it  had  a  rather 
fluctuating  level,  as  it  seems  to  have  escaped  sometimes  along  the  east- 
ern margin  of  the  glacier  and  later  across  the  glacier  in  Bridgewater,  in 
Rice  county,  forming  the  Bridgewater  kame.  It  had  for  a  long  time  a 
steady  outflow  at  a  level  of  1,160  feet  above  the  sea,  across  eastern  Rice 
county,  uniting  with  the  Zumbro  river,  and  thence  reaching  the  Missis- 
sippi below  lake  Pepin. 

4.  Lake  Cottonwood 

The  extension,  of  lake  Minnesota  toward  the  northwest  could  not  have 
been  beyond  the  point  where  the  contour  line  of  its  outlet  (1,150  feet) 
would  limit  it,  nor  farther  toward  the  north  than  the  ice-margin  at  the 
time  of  the  existence  of  the  lake.  There  is  an  abandoned  glacial  channel 
in  the  town  of  Stately,  in  western  Brown  county,  running  in  the  line 
of  extension  of  Big  Cottonwood  river,  the  water  of  which,  when  flowing, 
must  have  had  an  elevation  of  about  1,075  feet  above  the  sea.  This 
channel,  therefore,  must  have  emptied  not  into  lake  Minnesota,  but  into 
lake  Undine.  In  order  that  the  Big  Cottonwood,  or  any  drainage  waters 
of  that  vicinity,  could  have  occupied  that  abandoned  channel  the  glacier 
margin  must  have  obstructed  the  natural  flow  northward,  and  that  would 
at  once  produce  a  small  lake  which  covered  the  region  lying  below  the 
level  of  1,075  feet,  or  75  feet  lower  than  the  level  of  lake  Minnesota. 
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A  few  miles  farther  toward  the  southwest,  in  Gerniantown,  Cottonwood 
county,  there  are  two  other  abandoned  watercourses  which  are  at  con- 
siderably higher  altitude,  but  run  in  a  direction  parallel  with  that  in 
Stately,  and  these  indicate  similar  relations  between  the  ice-border  and 
the  topography,  such  that  the  small  marginal  lakes  which  they  drained 
probably  found  their  outlets  into  lake  Minnesota.  At  this  time  the 
margin  of  the  ice  lay  against  the  northern  slope  of  the  quartzite  ridge 
or  crossed  the  ridge,  which  is  here  locally  known  as  the  eastern  spur  of 
the  Coteau  des  Prairies.  It  is  evident  that  these  old  channels  were  the 
ways  of  exit  of  the  surface  waters  which  drained  the  higher  region  to 
the  south  and  west — the  earliest  locations  of  the  Cottonwood  river  which 
now  reaches  the  Minnesota  river  toward  the  northeast.  Below  this  point 
the  valley  of  the  Cottonwood  is  much  like  that  of  the  Maumee  river  in 
Ohio  below  Defiance.  The  extent  of  lake  Cottonwood  to  the  northward 
was  limited  by  the  ice-border,  and  toward  the  south  by  the  Coteau  des 
Prairies,  its  westward  extent  being  determined  by  the  contour  line  of 
1,075  feet.  It  hence  must  have  extended  sometimes  nearly  across  Red- 
wood county.  - 

5.  Lake  Canby 

About  cotemporary  with  lake  Cottonwood,  or  perhaps  somewhat  later, 
the  western  ice-border  produced  a  similar  lake  along  the  northern  slope 
of  the  Coteau  at  a  point  about  70  miles  farther  northwest,  in  the  western 
confines  of  Yellow  Medicine  county,  covering  the  town  of  Canby.  The 
area  of  this  lake  slopes  naturally  toward  the  north,  and  had  it  not  been 
obstructed  it  would  have  been  tributary,  as  now,  to  the  Lac  qui  Parle 
river.  The  outlet  of  this  lake  was  by  a  marked  channel,  now  for  the 
most  part  not  occupied  by  any  stream,  which  runs  southeastwardly 
parallel  with  the  Coteau  des  Prairies  for  a  distance  of  about  15  miles. 
The  blufis  of  this  channel  are  30  to  40  feet  high  and  cqpsist  of  till.  By 
this  channel  the  water  of  lake  Canby  was  conducted  across  a  low  divide 
and  made  to  empty  itself  into  the  Yellow  Medicine  river,  constituting 
at  that  time  the  chief  affluent  of  that  river.  Lake  Canby  had  an  altitude 
of  about  1,200  feet. 

6.  Lake  Antelope 

In  the  same  manner  that  lake  Undine  was  descended  from  lake  Min- 
nesota was  lake  Antelope  a  derivation  from  lake  Canby.  The  ice-margin 
receded  and  afforded  a  lower  outlet.  This  lower  outlet,  which  was  in 
Yellow  Medicine  county,  town  of  Omro,  also  flowed  eastward,  entering 
the  stream  known  as  Stony  run,  finally  joining  the  Minnesota  river.  At 
the  point  of  exit  from  lake  Antelope  the  water  was  at  an  altitude  of  about 
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1475  feet.  This  was  apparently  a  short-lived  stream,  and  lake  Antelope 
must  be  considered  only  an  evanescent  incident  of  the  retreat  of  the  ice. 
The  approximate  size  of  this  lake  is  shown  on  the  accompanying  plate, 
having  been  mostly  in  Lac  qui  Parle  county. 

7.  Lake  Shakopee 

The  first  of  the  glacial  lakes  of  the  Minnesota  valley  which  may  be 
attributed  to  the  presence  of  the  eastern,  or  lake  Superior,  ice-lobe,  as 
distinct  from  the  northwestern  ice-lobe,  is  that  which  filled  the  lower 
reaches  of  the  Minnesota  valley  from  Fort  Snelling,  or  perhaps  from 
south  Saint  Paul,  to  the  western  limits  of  Scott  county.  It  is  named 
from  the  city  of  Shakopee,  whose  site  it  covered  with  about  125  feet  of 
water.  It  should  be  remembered,  in  order  to  appreciate  the  complicated 
features  of  the  drift  in  this  region,  that  this  is  near  the  meridian  of  the  con- 
fluence of  tlie  two  great  ice-lobes  already  referred  to.  Here  an  interlobate 
area  was  enclosed,  partly  by  the  elevated  lands  to  the  south  and  partly 
by  the  ice-masses  to  the  northeast  and  northwest.  •  Evidence  is  abundant, 
and  has  been  mentioned  in  the  reports  of  the  Minnesota  survey  by  Mr 
Upham  and  by  the  writer  at  many  places,  which  shows  that  this  line  of 
confluence  was  a  field  of  contention  between  these  ice-masses,  sometimes 
one  prevailing  and  sometimes  the  other,  producing  a  superposition  of 
drift,  one  kind  over  the  other,  one  derived  from  the  northwest  and  the 
other  from  the  northeast,  several  times  in  succession.  This  is  illustrated 
not  only  by  the  alternation  of  red  till  with  gray,  but  also  by  the  laminated 
clays  which  were  produced  by  the  close  washing  of  the  tills,  as  they  were 
gathered  by  the  streams  into  the  contiguous  valleys.  It  must  be  inferred 
that  by  the  fluctuation  of  the  ice  on  one  side  or  the  other,  the  nature  of 
the  sediment  carried  by  the  affluents  of  the  Minnesota  was  occasionally 
changed,  or  that  sedimentation  was  wholly  suspended  by  the  diversion 
of  the  drainage  to  some  other  point.  In  order  that  lake  Shakopee  should 
be  pr(}duced  by  the  western  margin  of  the  lake  Superior  ice-lobe,  and  yet 
should  contain  prevailingly,  as  it  does,  a  laminated  clay  derived  from 
the  gray  till  of  the  western  ice-field,  it  is  evident  that  the  western  till 
must  have  been  already  deposited  and  the  western  ice-field  considerably 
shrunken.  The  lake  Superior  lobe  here  early  manifested  its  tenacity 
of  life  and  its  ability  to  maintain  an  independent  field  of  action  farther 
south,  at  this  meridian,  than  the  western  ice-lobe.  This  is  a  significant 
relation,  and  throws  light  on  the  later  phenomena  of  this  belt  of  inter- 
lobate characters  farther  toward  the  northwest. 

Lake  Shakopee  had  an  elevation  of  about  875  feet,  and  at  some  part 
of  its  existence  it  covered  the  city  of  Minneapolis  and  extended  up  the 
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Mississippi  valley  as  far  as  Monticello,  in  Wright  county ;  hut  at  the 
moment  of  its  greatest  extension  it  was  also  at  the  epoch  of  its  greatest 
peril  as  a  lake,  a  statement  which  can  also  be  made,  probably,  of  all 
glacial  lakes,  for  it  required  but  little  recession  of  the  ice-border  east- 
ward from  Mendota  to  lower  the  level  of  the  whole  lake  by  exposing  a 
lower  outlet.  Its  first  important  outlet  was  through  the  central  part  of 
Dakota  county,  where  a  distinct,  wide,  fi;ravel-terraced  valley  extends 
from  Crystal  lake  southeastward  and  connects  with  the  Vermilion  river, 
which  discharges  into  the  Mississippi  at  Hastings.  There  are  other 
similar  avenues  of  glacial  drainage  farther  south,  in  Dakota  county,  and 
they  may  have  served  as  exit  for  the  waters  of  lake  Shakopee  in  its  ear- 
liest stages,  before  it  acquired  definite  characters,  and  perhaps  while  the 
margin  of  the  western  ice-lobe  took  part  in  giving  this  lake  its  north- 
western limitation,  but  they  are  hardly  worthy  of  separate  definition  as 
outlets  of  distinct  glacial  lakes. 

8.  Lakk  Hamlinb 

Mr  Upham  has  described  this  lake  in  the  bulletin  of  the  Society.*  It 
was  a  small  lake,  confined  to  a  small  county  (Ramsey),  and  had  a  brief 
existence.  It  was  typically  an  interlobate  lake,  eind  existed  slightly 
prior  to  lake  Shakopee.  Its  elevation  was  about  940  feet  at  first,  with 
an  outlet  northward,  but  was  soon  shifted  to  about  880  feet,  with  dis- 
charge through  Inver  Grove,  in  Dakota  county,  where  it  united  with 
one  of  the  later  outlets  of  lake  Shakopee.  It  seems  to  haver  suffered  by 
the  opening  of  lower  and  lower  avenues  of  discharge  until  it  was  low- 
ered to  the  level  of  lake  Shakopee  and  was  wholly  lost  as  an  independ- 
ent lake.  It  is  further  probable  that  the  outlets  of  both  lake  Hamline 
and  lake  Shakopee  were  occasionally  disturbed  and  shifted  in  part  by 
the  presence  of  the  gorge  of  the  Mississippi  at  Saint  Paul.  It  is  reason- 
able to  suppose  that  the  variations  of  the  glacier  where  its  margin 
extended  north  and  south  across  that  gorge  would  afford  escape  for 
considerable  water  from  time  to  time  down  that  valley  past  Saint  Paul. 
This  would  occur  most  frequently  during  the  later  portion  of  the  exist- 
ence of  these  lakes.  The  washed  drift  of  lake  Hamline  is  rather  coarse, 
and  it  sometimes  embraces  unwashed  small  pieces  of  till  which  indicate 
the  proximity  of  the  ice-margin  at  the  time  of  deposition  of  the  gravel. 

9.  Lake  Mahtomedi 

Lake  Mahtomedi  covered  the  region  of  White  Bear  lake,  in  Ramsey 
county,  and  extended  north  into  Washington  and  Anoka  counties,  hav- 

•  Op.  cit.,  vol.  viii,  p.  193,  pi.  15. 
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ing  an  elevation  of  950  feet.  It  was  an  incident  of  the  eastward  move- 
ment of  the  western  ice-lobe  after  it  had  retreated  to  the  northwest,  the 
last  event  of  the  glacier's  occupancy  of  this  part  of  Minnesota.  This  re- 
advance  has  been  studied  by  Mr  Upham  and  fully  described  by  him. 
According  to  his  interpretation,  it  was  due  to  an  increased  precipitation 
over  the  central  and  eastern  part  of  the  state,  by  reason  of  which  glaciers 
were  formed  again  and  had  a  slow  movement  southeastward,  where  they 
had  been  absent  for  a  period  of  time.  This  lake  had  an  outlet  east- 
wardly  in  Washington  county  through  Big  Marine  lake  and  Cornelian 
creek  to  the  Saint  Croix  river,  about  6  miles  north  of  Stillwater.  The 
r^ion  of  this  lake  is  characterized  by  a  modified  condition  of  the  till, 
which  is  sometimes  itself  indistinctly  stratified,  and  by  laminated  clays 
due  to  a  more  complete  washing  of  the  till  and  the  deposition  of  its  finest 
components  in  thin  sedimentary  sheets.  •  As  the  western  ice  receded 
again  this  lake  vanished  gradually  by  drainage  toward  the  west,  becom- 
ing absorbed  by  a  tumultuous  flood  of  gravel-and-sand  laden  water  which 
passed  south westwardly  across  Chisago  and  Anoka  counties  at  a  level 
not  much  below  that  of  the  lake  itself. 

10.  Lake  Shafer 

The  eastern  part  of  Chisago  county,  as  far  westward  as  Center  City, 
shows  similar  indications  of  a  body  of  standing  water  at  a  date  nearly 
cotemporary  with  that  of  lake  Mahtomedi,  the  surface  of  which  was 
about  975  feet  above  the  sea.  It  appears  that  the  Saint  Croix  river  was 
obstructed  by  the  last  movement  of  the  toe  of  the  western  ice-lobe,  below 
Franconia,  and  was  set  back  in  form  of  a  lake  whose  outlet  was  in  Wis- 
consin and  has  not  been  discovered.  It  must  have  been  about  the  eastern 
border  of  the  ice. 

11.  Lake  Agassiz 

The  largest  of  the  glacial  lakes  in  which  Minnesota  has  any  record  is 
that  named  and  investigated  by  Mr  Upham.  Beginning  in  Minnesota 
he  followed  this  investigation  into  Dakota  and  then  into  Canada.*  Its 
outlet,  which  was  at  1,050  feet  above  the  sea,  and  its  location  and  out- 
line are  shown  on  the  accompanying  map,  plate  12. 

Although  there  may  be  some  variations  in  the  details  and  sequence  of 
the  parts  of  this  great  lake,  rendered  necessary  by  future  researches  in 
the  northern  part  of  Minnesota,  the  lake  itself  as  a  whole  stands  out 
boldly  in  its  general  features,  and  its  effect  upon  the  state  of  Minnesota 
is  very  pronounced  and  important.     It  is  one  of  the  most  marked  illus- 

•  UiR  final  i4Dd  fall  report  is  published  a»  Monograph  xxv  of  the  United  States  Geological  Survey. 
Thi»  in  so  welt  known  that  no  description  is  called  for  here. 
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trations  of  the  action  of  the  ice-margin  on  the  surface  drainage  in  those 
regions  where  the  natural  slope  was  toward  the  glacier. 

12.  Lake  Issati 

In  the  same  manner  that  the  Saint  Croix  river  was  obstructed  and 
caused  to  form  a  lake  (lake  Shafer)  above  the  point  of  obstruction  and 
to  pass  round  the  ice  toward  the  east,  so  the  Mississippi  and  the  Rum 
rivers,  both  flowing  southward,  were  obstructed,  with  similar  results. 
In  this  case,  however,  the  obstruction  was  by  the  northeastern  icelobe 
and  at  an  earlier  date.  Lake  Issati  was  an  enlarged  lake,  which  covered 
the  region  of  lake  Mille  Lacs.  It  has  not  been  studied,  and  it  can  only 
be  said  that  it  stood  at  a  level  of  about  1,266  feet  above  the  sea  and 
probably  had  an  outlet  through  Crow  Wing  county  by  way  of  the 
Nokasippi  river  into  the  Mississippi.  The  ice-tongue  from  the  northeast 
lay  with  its  northern  edge  encroaching  on  the  southern  part  of  the  present 
area  of  lake  Mille  Lacs,  shutting  up  the  passage  southward  by  way  of 
Rum  river  and  depositing  a  coarse  marginal  moraine.  When  this  ob- 
struction was  removed  the  level  of  lake  Issati  was  lowered  to  about  that 
of  Mille  Lacs,  amounting  to  about  12  feet. 

13.  Lake  Aitkin   • 

This  lake  was  named  and  described  by  Mr  Upham.*  It  stood  at  1,205 
feet  above  the  sea  and  formed  distinct  beaches  and  deposited  a  lacustrine 
clay.  According  to  Mr  Upham 's  interpretation,  the  obstruction  of  the 
Mississippi  river  below  this  lake  was  due  to  the  northwestern  ice-lobe,  and 
the  region  of  Willow  river  was  covered  by  the  northwestern  glacier,  lim- 
iting the  lake  in  that  direction.  It  is  more  in  accord  with  the  manner 
of  retreat  of  these  ice-lobes  from  the  state,  as  already  intimated  in  the 
description  of  lake  Shakopee,  to  suppose  that  lake  Aitkin  was  due  to  the 
Lake  Superior  ice-lobe,  whose  northern  margin  can  be  traced  by  a  nearly 
continuous  moraine  from  Crow  Wing  county  to  Carlton  and  Saint  Louis 
counties,  thrusting  the  Mississippi  river  toward  the  west  and  southwest 
from  Sandy  lake  to  the  mouth  of  the  Crow  Wing  river.  That  would 
leave  a  large  area  toward  the  north,  through  which  the  Willow  river 
flows,  and  which  in  its  physical  features  is  like  the  region  about  Aitkin, 
subject  to  overflow  by  lake  Aitkin ;  hence  lake  Aitkin  is  allowed  a  wide 
extension  toward  the  north  on  the  accompanying  map. 

The  outlet  of  this  lake  must  have  been  toward  the  southwest  around 
or  over  the  western  edge  of  the  obstructing  glacier,  and  it  may  have 

•  Final  Report  of  the  Geological  Survey  of  Minnosiota,  vol.  iv,  p.  46. 
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caused  glacial  kames  in  southern  Cass  county  similar  to  the  Bridgewater 
kame  in  Rice  county.* 

14.  Lake  Saint  Louis 

This  lake  was  situated  in  Carlton  county,  and  was  formed  by  the 
ponding  of  the  water  of  Saint  Louis  river  at  a  date  somewhat  later  than 
the  existence  of  lake  Aitkin.  It  was  described  by  the  writer  in  the 
final  report  of  the  Minnesota  geological  survey ,t  published  in  1899. 
Its  outlet  was  at  about  1,135  feet,  and  passed  into  the  Kettle  river  and 
to  the  Saint  Croix.  Thus  the  action  of  the  ice-margin  was  to  divert 
waters  that  belonged  to  the  Saint  Lawrence  River  system  across  the 
continental  divide  into  the  Mississippi  system. 

15.  Lake  Nemadji 

It  required  but  a  slight  retreat  of  the  northwestern  margin  of  the 
Lake  Superior  ice-lobe  to  uncover  a  lower  passage  tothe  Kettle  river, 
and  hence  to  drain  lake  Saint  Louis.  This  second  outlet  was  also  in 
Carlton  county  and  at  a  level  of  1,070  feet  above  the  sea,  or  65  feet 
lower  than  the  level  of  lake  Saint  Louis.  The  lake  here  formed  covered 
at  length  the  valley  of  the  Nemadji  river,  which  flows  into  the  western 
end  of  lake  Superior,  and  continued  long  enough  to  enable  it  to  make 
perfect  records  in  all  those  ways  by  which  glacial  lakes  are  recognized. 
It  deposited  a  thick  blanket  of  lacustrine  clay,  it  had  a  marked  channel 
cut  through  the  earlier  deposited  till,  and  it  formed  conspicuous  beaches. 

16.  Lake  Duluth 

This  name,  which  was  applied  by  Mr  F.  B.  Taylor,  is  synonymous 
with  **  Western  Superior  Glacial  lake,"  a  name  applied  by  Mr  Upham, 
and  is  preferred,  notwithstanding  Mr  Upham's  priority,  because  of  its 
brevity  and  appropriateness  as  contrasted  with  the  cumbrousness  and 
the  indefiniteness  of  the  title  used  by  Mr  Upham.  This  lake  was  from 
12  to  15  feet  lower  than  lake  Nemadji  and  covered  nearly  the  same 
area.  Its  outlet  was  by  way  of  lake  Brul6,  in  Wisconsin,  and  thence  to 
Saint  Croix  river.  It  became  a  large  lake,  and  its  beach  line  is  very 
marked,  although  it  has  not  been  well  differentiated  in  this  respect  from 
the  beach  of  lake  Nemadji.  At  the  present  time  the  level  of  the  outlet 
at  Brul6  lake  is  so  nearly  the  same  as  that  of  lake  Nemadji,  in  Carlton 
county,  as  to  lead  one  to  believe  that  lake  Duluth  had  the  same  level 
as  lake  Nemadji.     It  is,  however,  now  a  pretty  well  established  principle 

*  Final  Report  of  the  Geological  Survey  of  Minnesota,  vol.  i,  p.  0(vi. 
*  op.  cit.,  vol.  iv,  p.  2u,  and  foot-note. 
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that  since  these  lakes  existed  ttie  shore  line  of  lake  Superior  has  suffered 
a  differential  elevation,  increasing  toward  the  north  and  east,  amount- 
ing to  about  three  inches  per  mile.  Making  allowance  for  this  change, 
the  distance  between  the  outlets  being  about  40  miles,  the  Brul6  outlet 
would  be  found  to  have  been  at  least  10  feet  lower  than  the  Nemadji 
outlet.  As  long  as  these  outlets  to  the  Mississippi  basin  continued,  the 
Saint  Ijawrence  basin  was  deprived  of  a  large  amount  of  the  surface 
drainage  which  now  passes  over  Niagara  falls. 

17.  Lake  Nicollet* 

It  has  been  stated  that  the  line  of  contact  and  confluence  of  the  two 
great  ice-lobes  passes  northwestwardly  from  thie  central  part  of  the  state, 
say  Dakota  county,  and  that  in  the  retreat  of  these  lobes  the  drift  of  this 
contact  line  was  left  in  a  state  of  confusion  and  overlapping  complexity. 
This  can  be  followed  to  the  vicinity  of  Itasca  lake,  where  it  turns  east- 
wardly.  The  interlobate  area  first  uncovered  was  uniformly  one  of  greater 
elevation  than  the  areas  covered  by  the  ice  adjoining.  On  the  retreat  of 
these  ice-lobes  from  the  vicinity  of  Itasca  lake  the  included  area  next 
eastward  naturally  sloped  eastward,  and  the  interlobate  area  hence  be- 
came covered  with  a  glacier  lake.  This  lake  was  hemmed  in  by  higher 
land  toward  the  west,  partly  morainic,  and  by  the  two  glaciers  toward 
the  northeast  and  the  southeast  Here  gathered  a  great  Victoria  Nyanza, 
destined  later  to  be  the  perennial  gathering  place  of  the  initial  waters  of 
the  Mississippi.  Across  this  area  the  line  of  confluence  of  the  retreating 
ice-margins  is  screened  by  the  accumulations  of  lacustrine  sediments. 
It  reappears  on  the  east  in  the  compound  moraine  which  runs  eastward 
from  Pokegama  falls  and  Grand  Rapids,  approximately  coinciding  with 
the  Mesabi  Iron  range  nearly  as  far  east  as  Birch  lake.  The  level  of  this 
lake  was  about  1,390  feet  above  the  sea,  and  its  outlet  was  through  the 
valley  occupied  by  the  '^  chain  of  lakes,^'  extending  from  the  southwestern 
arm  of  I^eech  lake  across  Hubbard  county  to  the  upper  waters  of  the 
Crow  Wing  river.  When  this  lake  was  drained,  licech  lake  appeared  at 
a  level  of  about  95  feet  lower,  Winnibigoshish  about  100  feet,  and  Cass 
lake  about  90  feet.  These  lakes  are  connected  by  a  sluggish,  winding 
stream,  which  continues  with  about  the  same  characters  to  near  Poke- 
gama falls. 

18.  Lake  Beltkami 

Another  interlobate  lake  was  farther  north,  and  was  apparently  more 
dependent  on  the  northern  glacier  than  on  the  southern.     It  had  Ha 

^Thi9  large  lake  in  named  Nicollet  from  the  great  geographer  of  the  fifth  decode  of  the  ceDtory, 
whoso  indefatigable  labor  first  represented  this  upper  region  of  the  Mississtippi  on  a  suitable  chart. 
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outlet  in  the  valley  in  which  Beltrami  found  lake  Julia,  known  as  the 
''Julian  sources  "  of  the  Mississippi,  from  which,  as  he  stated,  the  water 
drains  north  to  Red  lake  and  south  to  the  Mississippi.  There  are  some 
evidences  of  the  existence  of  a  large  interlobate  lake  in  this  region  a  little 
subsequent  to  lake  Beltrami,  whose  outlet  was  westward  along  the  gravelly 
channel  that  passes  about  two  miles  west  of  Bagley  from  Beltrami  county 
into  Norman,  as  represented  by  Professor  Todd,  and  that  may  have  been 
the  principal  way  of  discharge  of  lake  Beltrami.  The  connection,  how- 
ever, has  not  been  established.  Lake  Beltrami  is  supposed  to  have  lain 
mainly  north  of  lake  Julia,  and  to  have  had  discharge  southward  into 
lake  Nicollet.  Its  elevation  was  nearly  1,450  feet,  or  later  at  about  1,400 
feet. 

19.  Lake  Thompson 

There  is  still  another  abandoned  watercourse  lying  in  the  southeastern 
part  of  Polk  county,  running  in  a  southwestward  direction,  parallel  with 
that  in  Norman  county,  which  probably  drained  another  glacial  lake 
similar  to  lake  Beltrami  but  larger,  and  at  a  somewhat  later  stage  of  the 
northern  ice,  when  the  interlobate  area  due  to  the  elevation  of ''  Beltrami 
island  "  had  been  largely  increased.  The  size  of  this  lake  has  not  been 
ascertained,  and  while  it  is  here  named  from  the  Canadian  astronomer 
and  geographer  who  first  passed  through  this  valley  to  the  Mississippi,* 
and  its  elevation  can  be  given  approximately  as  1,200  feet,  its  outlines  as 
shown  on  the  map  are  hypothetical,  being  drawn  from  the  contour  lines 
of  the  maps  of  Professor  Todd  and  a  general  knowledge  of  the  manner 
of  retreat  of  the  ice-margin.  On  the  farther  retreat  of  the  ice-margin 
Red  lake  was  the  residual  inheritor  of  these  waters.  From  this  it  seems 
likely  that  Beltrami  island,  lying  to  the  north  and  northwest  of  Red  lake, 
cooperated  with  the  margins  of  the  two  ice-lobes  in  separating  lake 
Agassiz  into  two  main  parts,  one  being  about  75  feet  higher  than  the 
other  and  divided  from  it  by  a  river  about  25  miles  in  length.  This 
higher  lake  was  responsible  for  the  lacustrine  features  of  the  country 
drained  by  the  Bowstring  river. 

20.  Lake  Bio  Fork 

This  brings  us  logically  to  a  consideration  of  Big  Fork  lake.  There  is 
even  now  sometimes  a  continuous  watercourse  between  the  upper  waters 
of  Bowstring  river  and  lake  and  the  Mississippi  at  Winnibigoshish  lake. 
This  connection  must  have  once  been  quite  important  and  constantly 
active  in  turning  the  upper  waters  of  the  Bowstring  into  the  Mississippi. 

•  Pinal  Report  of  the  Qeologieal  Survey  of  Minnesota,  vol.  i,  p.  109,  note. 
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The  limits  of  the  lake  there  formed  are  not  known.  This  lake  is  hypo- 
thetically  represented  on  the  map.  In  its  lower  stages  it.may  have  been 
much  enlarged,  and  its  outlet  may  have  been  toward  the  west,  into  the 
Red  river  of  the  North,  through  lake  Thompson.  When  it  was  perma- 
nently connected  with  the  Mississippi  its  elevation  was  about  13,000  feet, 
lake  Winnibigoshish  being  now  1,290  feet.  If  its  waters  ever  passed 
through  the  abandoned  channel  mentioned,  in  Polk  county,  its  eleva- 
tion must  have  been  lowered  to  about  1,225  feet. 

21.  Lake  Upham* 

When  the  northwestern  edge  of  the  lake  Superior  ice-lobe  crossed  the 
valley  of  the  Saint  Louis  river,  that  river  was  ponded  back  and  produced, 
as  already  explained,  two  glacial  lakes — lakes  Saint  Louis  and  Nemadji — 
and  its  water  was  turned  to  the  Mississippi.  Those  lakes  were  respect- 
ively 1,135  and  1,070  feet  above  the  sea.  But  prior  to  those  lakes  the 
Lake  Superior  ice-lobe  had  thrust  its  margin  still  farther  northwestward, 
and  had  dammed  back  the  Saint  Louis  at  a  higher  level,  forming  lake 
Upham,t  at  1,300  feet  above  the  sea,  which  had  its  outlet  into  the  Mis- 
sissippi through  a  channel  not  well  known,  but  undoubtedly  across  the 
low  divide  which  separates  the  waters  of  East  Savanne  river  from  those 
of  West  Savanne  river,  in  the  northeastern  part  of  Aitkin  county.  This 
passage  across  the  divide  was  long  used  by  the  early  fur  traders  in  travel- 
ing by  canoe  from  the  upper  Mississippi  to  lake  Superior.  The  actual 
channel  has  not  been  discovered,  and  there  are  good  reasons  for  locating 
it  near  the  ice-border,  farther  south.  In  case  it  was  along  this  ice-border 
the  lake  must  have  had  an  unsteady  surface  level,  and  the  water  prob- 
ably passed  to  the  Mississippi  through  the  valley  of  Prairie  river.  There 
must  have  been  instances  in  which  the  river  trenched  on  the  ice,  and 
that  may  have  formed  the  kame  which  is  known  to  exist  on  the  portage 
line  from  the  Saint  Louis  river  to  Prairie  lake  J  in  township  50,  range  20. 

Lake  Upham  was  a  large  body  of  water,  and  extended  from  near  the 
Mississippi,  in  Itasca  county,  to  beyond  the  center  of  Saint  Louis  county. 
The  region  which  it  covered  is  still  poorly  drained,  and  is  covered  largely 
by  an  extensive  peat  bog.  In  general,  it  occupies  the  triangular  area 
between  the  gabbro  highlands  on  the  south,  on  which  the  southern 
moraine  is  piled,  and  the  Giants  range  of  granite  on  the  north,  on  which 

*ThiB  lake  was  named  from  Mr  Warren  Upham«  whose  assiduity  and  long  labor  brought  to  light 
most  of  the  features  of  the  drift  of  Minnesota. 

fThis  lake  was  briefly  described  and  named  in  yol.  vi  of  the  Final  Report  of  the  Oeolo^cal 
Survey  of  Minnesota,  Atlas,  plate  66. 

X  This  very  significant  kame  was  noted  in  the  Ninth  Annual  Report  of  the  Minnesota  Geological 
Survey,  p.  110. 
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the  northern  moraine  is  piled.    On  the  west  it  was  confined  by  an  earlier 
moraine  which  separated  it  from  the  Mississippi  river. 

22.  Lake  Norwood 

In  the  retreat  of  the  margin  of  the  northern  ice-lobe  four  glacial  lakes 
were  formed  on  the  north  side  of  the  Giants  range,  of  which  the  earliest 
has  been  named  from  Dr  J.  C.  Norwood,  who  first  as  a  geologist  passed 
through  some  part  of  its  area  and  left  a  description  of  some  of  its  features. 

This  lake  was  located  in  Saint  Louis  county,  and  was  about  25  miles 
long,  from  east  to  west.  Its  outlet  was  through  the  Mesabi  moraine, 
toward  the  south,  into  lake  Upham,  and  thence  to  the  Mississippi.  Thus 
again,  in  the  later  stages  of  the  Wisconsin  epoch,  were  waters  belonging 
to  the  Hudson  Bay  drainage  system  turned  into  the  Mississippi  basin. 
This  lake  covered  the  valley  of  the  Embarrus  river  north  of  the  Mesabi 
iron  range  and  extended  westward  so  as  to  include  much  of  that  of  Pike 
river.  Its  date  was  before  the  formation  of  the  Vermilion  moraine,  and 
its  elevation  was  about  1,450  feet  above  the  sea. 

23.  Lake  Dunka 

Eastward  from  lake  Norwood  the  valley  which  is  now  occupied  by 
Birch  lake,  naturally  having  an  outlet  northward,  was  obstructed  by 
the  ice-margin  in  its  recession  from  the  Vermilion  moraine,  and  a  lake 
was  formed  which  had  an  outlet  westwardly  along  the  north  side  of  the 
Giants  range  into  the  valley  of  lake  Norwood  and  thence  to  the  Saint 
Tjouis  and  the  Mississippi  valleys.  This  lake  stood  at  a  level  of  about 
1,495  feet.  Its  terraced  gravels  are  quite  conspicuous  about  the  south- 
ern shores  of  Birch  lake.  It  was  apparently  not  a  large  lake,  and  it  had 
a  rapid  river-like  connection  with  lake  Norwood  until  it  was  drained 
northward. 

24.  Lakk  Elftman 

Mr  A.  H.  Elftman  has  named  "  Gabbro  "  lake,  but  as  that  is  the  name 
of  the  present  lake  which  occupies  a  part  of  the  same  area,  it  is  likely 
to  cause  some  confusion,  and  it  is  proposed  to  give  Mr  Elftman's  name 
to  this  lake,  he  having  first  described  it.  It  occupied  an  area  still  farther 
east  than  Dunka  lake  and  covered  a  tract  in  which  there  is  but  little 
drift,  now  drained  by  Kawishiwi  river.  Its  outlet  was  southward  and 
then  westward  and  into  the  southeastern  corner  of  lake  Dunka  by  way 
of  Stony  river.  It  had  an  area  of  about  100  sciuare  miles  at  the  time  of  its 
greatest  extent  and  an  elevation  of  about  1,700  feet  above  the  sea.     On 

XV III— Bull.  Geol.  Soc.  Am.,  Vol.  12,  1900 
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the  north  its  barrier  was  the  northern  glacier,  and  on  all  other  sides  it 
was  shnt  in  by  high  gabbro  hills.  Its  shoreline  must  have  been  very 
tortnoas.  Its  surface  lay  higher  than  that  of  any  known  glacial  lake 
in  northern  Minnesota,  and  its  waters  probably  reached  the  Mississippi 
river  through  lake  Upham  and  Sandy  lake,  in  Aitkin  county. 

25.  Lake  Onnamani 

This  is  the  Indian  name  of  the  present  Vermilion  lake,  and  this  lake 
covered  the  same  area  and  rose  about  10  or  15  feet  higher,  its  outlet 
being  about  1,370  feet  above  mean  tide.  The  southern  margin  of  the 
northern  ice- lobe  at  that  time  crossed  the  northern  confines  of  Vermilion 
lake,  closing  the  present  outlet  Lake  Onnamani  had  discharge  west- 
ward from  Partridge  lake  (the  most  northern  portion  of  Vermilion  lake) 
through  Hoodoo  lake  to  Elbow  and  Pelican  lakes,  and  probably  ulti- 
mately into  the  extreme  eastern  part  of  lake  Agassiz  or  lake  Thompson. 

There  were  other  glacial  lakes  due  to  the  northward  barrier  of  the 
northern  ice,  but  it  is  not  necessary  to  dwell  on  this  feature  to  much 
greater  length.  One  is  known  to  have  covered  the  valley  occupied  now 
by  Long  and  Fall  lakes,  and  it  is  probable  that  the  waters  of  Vermilion 
river  were  constantly  ponded  back,  so  as  to  find  outlet  over  a  low  divide 
into  a  branch  of  the  Little  Fork  river. 

26.  Lake  Omimi 

There  remains  only  lake  Omimi,  which  was  the  latest  of  the  glacial 
lakes  to  disappear  from  the  territory  of  the  state.  This  was  described 
and  named  by  Mr  A.  H.  Elftman*  in  1898.  It  occupied  the  valley  of 
the  Pigeon  river  at  and  above  the  western  landing  of  the  **  grand  port- 
£^e  "  trail.  It  covered  about  40  square  miles,  with  an  outlet  about  1,360 
feet  above  the  sea.  A  stratified  clay  formed  by  this  lake  is  seen  along 
the  Pigeon  river  and  along  its  tributaries  from  the  west.  Mr  Elftman 
considered  that  the  outlet  of  this  lake,  which  has  not  yet  been  discov- 
ered, was  toward  the  southeast;  but  it  is  difficult  to  accept  that  suppo- 
sition, since  the  ice-barrier  itself  which  caused  this  lake  lay  along  the 
southeast.  The  outlet  was  more  probably  toward  the  southwest  and 
to  the  Brul6  river. 

Other  Lakes 

Besides  the  lakes  which  have  been  mentioned,  there  were  several  in 
the  southwestern  part  of  the  state,  along  the  Coteau  des  Prairie  which, 


♦American 'Geologist,  vol.  xxi,  p.  104. 
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though  small,  served  to  produce  a  remarkable  topography,  which  has 
been  described  by  Mr  Upham.  Lakes  Benton,  Shaokatan,  and  Hen- 
dricks, the  last  within  the  territory  of  South  Dakota,  were  embraced  in 
the  interval  between  two  glacial  momines,  and  were  at  one  time  much 
extended.  On  account  of  the  ice-barrier  toward  the  northeast,  these 
valleys  were  filled  by  glacial  lakes  whose  outlets  were  across  the  outer 
moraine.  Here  were  excavated  conspicuous  channels,*  which  remain  to 
this  day  and  testify  to  the  power  of  the  streams  that  formerly  passed 
through  them.    These  lakes  were  each  about  1,850  feet  above  the  sea. 

Similarly,  lakes  Shetek  and  Heron,  farther  southeast,  were  once  much 
enlarged  by  the  obstruction  caused  by  the  ice-margin  in  its  retreat 
northward.  Lake  Shetek  probably  extended  for  at  least  10  miles  up  the 
Beaver  Creek  valley  and  covered  the  Des  Moines  valley  aoutheastwardly 
to  the  Great  bend  of  the  Des  Moines.  Lake  Heron,  a  little  farther 
southeast,  was  blocked  in  its  northern  outlet  to  the  Des  Moines  by  the 
glacier  that  formed  the  moraine  at  Windom.  It  rose  sufficiently  to 
cross  the  divide  toward  the  south,  and  took  the  old  abandoned  channel 
southward  through  Jackson  county. 

Glacial  Lakes  of  the  Driftless  Area 

There  remains  yet  to  be  mentioned  another  interesting  class  of  glacial 
lakes.  These  were  located  in  the  deep  gorges  of  the  Mississippi  valley, 
within  the  "  driftless  area  "  of  the  state.  In  order  that  it  may  appear 
in  what  way  these  lakes  can  be  included  in  the  category  of  glacial  lakes, 
it  will  be  well  to  recall  some  of  the  facts  which  have  been  ascertained 
respecting  the  glacial  epoch  in  Minnesota,  so  far  as  it  relates  to  the  Mis- 
sissippi gorge  at  and  below  Hastings. 

It  is  now  several  years  since  the  writer  noted  occasional  deposits  of 
till,  and  sometimes  northern  boulders  in  the  gorge  of  the  Mississippi, 
well  within  the  "  driftless  area,''  when  such  could  not  be  found  in  the 
country  farther  west.  This  was  observed  at  Winona  and  at  Red  Wing. 
At  the  same  places,  and  indeed  all  along  the  Mississippi,  both  within 
and  outside  of  the  "  driftless  area,"  the  river  is  bordered  by  terraces  of 
gravel  and  sand  which  are  like  those  of  the  rivers  in  drifted  regions,  the 
material  of  which  is  freely  attributed  to  the  wash  of  the  drift  brought 
forward  by  the  glacier.  Toward  the  north,  indeed,  these  gravelly  terraces 
merge  into  those  which  are  connected  with  the  morainic  belts  and  with 
the  gravel  plains  of  the  upland.  It  has  been  difficult  to  understand  how 
such  gravel  and  sand  could  be  so  far  transported  by  a  gently  flowing 
current  from  its  supposed  source. 

*  Final  Report  of  the  Geological  Survey  of  Minnesota,  vol.  ii,  pp.  »i03,  (KH. 
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It  should  be  noted  again  that  the  western  border  of  the  lake  Sai>erior 
ice-lobe,  in  the  latitude  of  Saint  Paul,  crossed  the  Mississippi  valley  at 
Saint  Paul,  deployed  on  the  northern  part  of  Dakota  county,  but  barely 
appears  as  such  in  Goodhue  county,  and  is  not  traceable  in  Wabasha  nor 
any  of  the  valley  counties  farther  southeast.  If  it  ever  existed  in  those 
counties  it  has  been  buried  by  later  modified  drift,  and  it  never  filled 
the  valleys  with  till.  But  southward  from  Saint  Paul,  and  especially 
southward  from  Hastings,  and  also  still  more  remarkably  along  the 
Saint  Croix  valley  northward  from  Hastings,  gravel  and  sand  terraces 
are  very  abundant. 

In  order  to  explain  these  features,  and  also  to  account  for  the  great 
depth  and  width  of  the  gorge  of  the  Mississippi,  it  may  be  supposed  that 
a  long  tongue  of  ice  was  continued  southward  in  the  Mississippi  gorge 
from  the  main  ice-margin,  and  that  for  a  long  time  it  subsisted  after  the 
average  limit  of  the  ice  had  retreated  farther  north.  This  tongue  of  ice 
could  be  comparetl  to  those  that  occupied  the  valleys  of  the  finger  lakes 
of  New  York  or  the  Cuyahoga  valley  in  Ohio, -or  to  the  long  slender 
glaciers  which  still  in  northern  latitudes  fill  the  fiords  which  reach  the 
sea.  The  inevitable  consequence  of  such  a  glacier  in  the  Mississippi 
gorge  was  to  pond  back  the  tributary  streams  until  they  were  raised  high 
enough  to  flow  over  the  ice  or  along  its  margin.  Such  ponding  formed 
the  lakes  here  called  glacial  lakes. 

It  may  be  added,  further,  that  this  would  have  been  the  result  for  each 
of  the  glacial  epochs  that  have  been  identified  in  Minnesota,  and  that 
the  drift  deposits  of  the  different  advances  of  the  ice  would  be  mingled 
with  those  of  the  retreats  in  confused  order,  and  that  the  drift  of  the 
separate  epochs  would  overlap.  Such  features  have  been  observed. 
There  are  older  and  later  gravel  terraces,  and  each  has  its  relation  to  the 
flooded  stages  of  the  rivere,  probably  due  to  such  cause. 

What  agency  such  occupancy  of  the  gorge  of  the  Mississippi  by  a  narrow 
glacier  fed  by  the  ice-fields  farther  north  may  have  had  in  the  production 
of  the  greater  lake  which  is  sometimes  supposed  to  have  covered  the 
"  driftless  area,''  and  hence  of  the  loam  which  is  spread  everywhere  in 
that  area,  it  might  be  interesting  to  inquire.  Owing  to  the  nature  of  the 
supposed  obstruction,  such  a  lake  could  rarely,  if  ever,  form  a  contin- 
uous beach  line.  It  must  have  mixed  its  beach  deposits  with  the  earlier 
till,  or  with  the  earlier  loam,  all  about  its  edge.  It  must  have  retreated 
slowly,  and  its  effects  as  a  lake  would  have  been  most  marked  in  the 
northern  portion  of  its  extension ;  and  finally  it  would  have  become 
broken  up  and  shrunken  to  the  limits  of  the  tributary  gorges,  and  thus 
would  be  at  last  wholly  drained  to  the  Mississippi  as  the  ice-tongue  in 
recession  opened  one  after  the  other  of  those  valleys. 
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Marine  Deposits 


The  Pleistocene  marine  beds  of  Ontario  have  been  studied  for  many 
years  and  have  yielded  a  great  number  of  fossils  at  different  points  along 
the  Saint  Jjawrence  and  Ottawa  and  in  the  country  between  these  two 
rivers,  as  well  as  along  the  rivers  flowing  north  into  Hudson  bay  *  prov- 
ing that  the  sea  once  occupied  these  regions  for  a  length  of  time  sufficient 
to  form  beds  of  clay  and  sand  often  more  than  100  feet  thick.  Sir  William 
Dawson  has  divided  thesedeposits  into  "Leda  clay  "and  "Saxicavasand," 
the  names  being  derived  from  the  commonest  fossils  occurring  in  them. 
The  Leda  clay  usually  rests  on  boulder-clay,  and  the  Saxicava  sand 
usually  overlies  the  Leda  clay,  so  that  in  general  one  may  say  that  the 
stratified  marine  beds  were  formed  later  than  the  last  retreat  of  the  ice 
from  the  region  mentioned. 

Probably  the  beds  most  productive  in  fossils  of  any  of  these  deposits 
in  Ontario  are  those  in  and  about  Ottawa,  and  these  may  be  described  as 
typical.    The  Leda  clay  is  well  disclosed  in  the  city  itself,  and  at  Greens 

*GeoL  Can.,  1863,  pp.  915-028;  Can.  Ice  Age,  Sir  Wm.  Dawson,  pp.  203,  etcetera;  Reports  of  Dr 
Bell  in  the  Geol.  Surrey  Can.,  l87l-*72,  p.  112 ;  also  1875-76,  p.  a40.  Dr  Ami  also  has  collected  many 
spociea,  some  of  which  are  enumerated  in  the  Ottawa  Naturalist,  vol.  xi.  no.  1,  pp.  2(^26. 
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creek  and  Besserers  wharf  a  few  miles  down  the  river.  The  clay,  which 
is  bluish  gray  and  well  stratified,  rises  about  40  feet  above  the  Ottawa, 
or  about  160  feet  above  the  sea,  and  contains  in  many  places  great  num- 
bers of  concretions,  well  known  for  the  beautifully  preserved  fossil  fish 
they  often  enclose.  In  addition  to  the  capelin  {Mallotm  villoaua)  and  two 
or  three  other  fi^sh,  Leda  arctica^  Saxicavn  rugosa,  and  Macoma  fragilisj  with 
some  other  species  of  shellfish,  have  been  found  in  the  concretions.  From 
brickyards  in  the  city  a  number  of  other  fossils — shellfish,  a  sponge, 
forarainifers,  etcetera — have  been  obtained. 

In  addition  to  the  marine  forms  mentioned,  a  large  number  of  land 
and  freshwater  plants  and  several  birds  and  mammals,  including  a  seal 
and  a  chipmunk,  have  been  obtained  from  the  concretions,  showing  that 
the  Leda  clay  was  formed  not  far  from  a  shore  where  clay,  with  drift 
materials,  was  brought  down  by  rivers.  Although  Leda  itself  may  occur 
in  moderately  deep  water,  most  of  the  other  fossils  suggest  shallow  water. 

In  Nepean  township,  6  miles  up  the  Rideau  river  from  Ottawa,  the 
Leda  clay  rises  to  about  310  feet  above  sealevel,  but  here  no  concretions 
are  found,  and  the  number  of  species  of  shellfish  is  small.  Leda  clay 
with  concretions  is  found  60  miles  northwest  of  Ottawa  city,  on  lake 
Coulonge,  an  expansion  of  Ottawa  river,  at  a  height  of  370  feet  above 
the  sea,  according  to  Doctor  Ells,*  and  at  many  points  down  the  river 
and  along  the  Saint  Lawrence.  Very  similar  stratified  cla3's  occur  at 
levels  above  this,  even  up  to  1,000  feet,  but  marine  fossils  have  not  been 
reported  in  them  above  370  feet.  The  fossiliferous  clays  near  Ottawa  are 
stated  to  be  140  or  more  feet  in  thickness,  and  as  they  are  very  widely 
spread,  their  deposit  must  have  demanded  a  long  time.  The  Leda  clay 
of  Montreal  and  points  farther  east  and  northeast  along  the  Saint  Law- 
rence, which  will  not  be  referred  to  here,  has  been  well  described  by  Sir 
William  Dawson  in  '*  Canadian  Ice  Age." 

The  Saxicava  sands  cover  a  greater  area  than  the  clays,  but  contain 
fewer  species  of  fossils,  the  usual  ones  being  Saxicava  rugosa  and  Macoma 
fragUis,  whose  white,  but  well  preserved,  shells  could  sometimes  be  col- 
lected by  bushels.  A  good  exi)()sure  of  these  sands  occurs  at  the  point 
6  six  miles  from  Ottawa,  on  the  Ilideau  river  mentioned  before,  where 
overlying  the  clay  there  are  about  40  feet  of  sand,  sho>ving  more  or  less 
cross-bedding  and  evidently  deposited  in  shallow  water. 

Beside  the  two  ubiquitous  shellfish  mentioned  above,  many  shells  of 
Mytihts  edulis  occur,  often  beautifully  preserved  with  the  two  valves  still 
united ;  and  one  finds  also  a  few  balani.  The  shells  are  most  numerous 
just  where  the  sand  and  clay  join,  but  are  found  more  or  less  frequently 

^SudcIs  and  Clays  of  the  Ottawa  BaHin,  Bull.  Geul.  Soc.  Am.,  vol.  u,  pp.  215  and  216. 
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all  the  way  up.  The  sand  rests  conformably  on  the  clay,  and  rises  to  a 
level  of  about  350  feet  above  the  sea.  The  surface  of  the  adjoining 
country  is  sandy,  with  a  somewhat  rolling  and  duny  character,  but 
without  any  well  marked  shoreline ;  so  that  the  sand  was  probably  laid 
down  as  shoals  in  shallow  water. 

Similar  sands  with  shells  are  reported  by  Doctor  Ells  at  higher  points 
farther  up  the  Ottawa — that  is,  at  470  feet  along  the  summit  of  rocky 
ridges  to  the  west  of  Arnprior. 

The  sands  occur  widely  spread  also  in  the  flat  country  south  of  Ottawa, 
good  instances  being  seen  along  the  Nation  river  and  its  tributaries  near 
the  villages  of  Avonmore  and  Monklands,  where  drainage  operations 
give  good  opportunities  to  study  them.  Here  one  finds  broad,  swampy 
tracts  more  or  less  covered  with  peat,  beneath  which  is  a  layer  of  sand 
from  2  to  5  feet  thick,  crowded  with  shells  of  saxicava  and  macoma  and 
resting  directly  on  bluish  boulder-clay  with  no  stratified  clay  interven- 
ing. En  some  places  a  layer  of  sand,  containing  many  small  freshwater 
shells  of  at  least  eleven  species,  rests  on  the  marine  sand  with  no  appar- 
ent break  between  the  two,  so  thaj;  the  same  spadefuU  contains  both, 
though  there  must  have  been  a  considerable  lapse  of  time  between  the 
formation  of  the  two  layers  of  sand.  At  some  points  on  the  drainage 
ditch  the  boulder-clay  is  missing,  and  the  marine  sand,  with  shells,  rests 
directly  on  the  flat  limestone  of  the  region,  the  boulder-clay  having  been 
removed  perha])s  by  erosion.  These  sand  beds  are  from  320  to  330  feet 
above  sealevel. 

The  association  of  freshwater  with  marine  shells  in  diflerent  beds  of 
the  same  section  is,  of  course,  not  a  new  thing,  since  Sir  William  Dawson 
long  ago  mentioned  similar  relationships  in  stratified  clay  and  sand  at 
Pakenham,  northwest  of  Ottawa.* 

Shell-bearing  Gravels 

Still  more  frequent  than  shell-bearing  sands  are  banks  and  ridges  of 
gravel  containing  the  same  fossils — Saxicava  gravels,  as  they  may  be 
called — which  often  have  a  substratum  of  boulder-clay,  and  in  many 
cases  consist  of  moraitiic  or  kame-like  deposits,  probably  of  glacial  origin, 
rearranged  by  wave  action.  Many  of  these  ridges  are  found  in  the 
neighborhood  of  the  villages  of  Finch  and  Avonmore,  and  they  are  often 
elongated  \n%  direction  of  about  north  15  degrees  or  20  degrees  east,  which 
corresponds  to  the  general  direction  of  the  glacial  striae  of  the  region. 
They  are  not  eskers,  however,  being  too  short  and  consisting  often  of  a  ridge 


*  ('an.  Ice  Age,  p.  58. 
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-  ofboulder  clay,  with  a  few  feet  of  coarse,  shelly  gravel  resting  on  or  against 
it. '  It  appears  as  if  these  ridges  formed  shoals  in  the  shallow  sea,  where 
wave  action  worked  up  the  stones  of  the  boulder-clay  into  local  gravel 
deposits,  one  thin  sheet  of  shelly  gravel  even  lying  on  top  of  a  drumlin 
of  rather  irregular  shape  west  of  Finch. 

A  typical  example  is  found  at  McMillans  gravel  pit  near  the  same 
village,  where  12  leet  of  gravel,  with  Saxicavn  rugosa,  Maconia  fragilis, 
and  Mytilus  edulia,  rest  on  10  feet  of  very  stony  boulder-clay,  the  whole 
sloping  off  gently  on  all  sides  to  the  level  plain. 

One  of  the  largest  of  these  gravel  deposits  occurs  north  of  Monklands, 
at  a  railway  ballast  pit  called  Warina,  where  a  steam  shovel  is  at  work, 
exposing  a  fresh  section  30  feet  high,  showing  coarsely  stratified  gravel 
and  sand,  in  the  lower  part  containing  many  boulders,  sometimes  3  or  4 
feet  in  diameter.  The  lower  portion  of  the  deposit,  which  rests  on 
stony  clay,  shows  no  shells,  but  the  upper  and  better  stratified  gravel 
and  sand  look  like  a  beach  formation,  having  thin  layers  of  garnet  sand 
and  many  shells  of  saxicava  and  macoma.  This  gravel  hill  runs  about 
north  35  degrees  east  and  rises  390  feet  above  sealevel. 

Many  other  ridges  of  the  sort,  some  as  large  as  the  one  just  noted, 
but  most  of  them  smaller  and  lower,  are  to  be  seen  in  the  region ;  but 
only  the  most  southerly,  near  Newington,  need  be  mentioned.  The 
general  arrangement  here  is  the  same  as  at  Warina,  but  the  hill,  which 
rises  to  390  feet  also,  trends  east  and  west  and  slopes  off  gently  toward 
the  south,  changing  in  that  direction  into  evenly  stratified  sand  with 
shells — saxicava  sand. 

The  most  westerly  of  these  gravel  hills,  at  Welchs,  north  of  Smiths 
falls,  is  famous  for  the  bones  of  a  whale  found  there  in  1882,  in  a  railway 
ballast  pit,  at  a  height  of  440  feet  above  sea.  At  present  little  is  to  be 
seen  at  the  pit,  which  has  been  disused  for  a  number  of  years.  The 
gravel,  which  is  often  bouldery,  shows  a  face  of  52  feet,  but  no  shells 
are  to  be  found  in  it,  and  the  whole  deposit,  which  is  an  irregular  kame- 
like  ridge,  having  a  shallow  kettle  hole  on  top  and  running  north  15 
d^rees  east,  like  the  strice  on  the  Potsdam  sandstone  beneath,  suggests 
ice  action  rather  than  wave  action.  Mr  Taylor  is  probably  correct  in 
supposing  that  the  bones,  which  are  of  Megapiera  longlmann,  a  whale 
now  common  in  the  gulf  of  Saint  Lawrence,  were  deposited  in  a  beach 
cut  on  one  side  of  the  ridge  and  not  in  the  ridge  itself. 

The  shell-bearing  gravels  along  the  river  Saint  Lawrence  appear  to 
end  a  little  west  of  Prescott,  at  the  Gladstone  gravel  pit,  opened  on  a 
kame  consisting  often  of  very  coarse  materials.  There  are  no  shells  in 
the  body  of  the  deposit,  only  in  some  small  patches  of  silt  and  gravel 
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resting  unconformably  on  the  surface  of  the  kame,  about  320  feet  above 
the  sea,  and  the  only  shell  observed  is  Macoma  fragilis  of  unusually 
large  size.  A  few  fragments  of  the  same  shell  were  seen  in  a  gravel 
ridge  rising  about  350  feet '(aneroid)  above  seafevel  on  the  south  side  of 
the  Grand  Trunk  railway,  a  mile  and  a  half  west  of  the  last  point.  The 
bed  of  gravel  is  10  feet  thick,  rests  on  a  floor  of  blue  clay,  probably  till, 
and  consists  of  rather  fine,  well  rounded  materials  distinctly  stratified 
and  sometimes  cross-bedded,  having  all  the  look  of  a  beach  ridge.  Not 
far  ofif  to  the  north  of  the  railway  there  are  rock  clififs  which  appear  to 
have  been  cut  by  wave  action. 

While  no  marine  shells  are  to  be  found  west  of  this  at  present,  Doctor 
Robert  Bell  obtained  some  many  years  ago  at  Brockville,  7  miles  farther 
in  that  direction,  in  clays  penetrated  by  a  tunnel  under  the  town.  This 
is  the  most  inland  point  at  which  marine  fossils  of  any  kind  have  been 
reported. 

Doctor  Gilbert  states  that  clays  and  sands  rich  in  shells  like  tliose 
described  above  are  common  in  the  state  of  New  York,  south  of  the 
Saint  I^wrence,  but  on  that  side  also  they  appear  to  cease  before  reach- 
ing Morristown,  opposite  Brockville. 

Gravels,  sands,  and  clays  not  unlike  the  marine  deposits  which  have 
been  described  occur  at  various  places  west  of  Brockville — for  example, 
at  Lyn,  Gananoque,  and  along  the  bay  of  Quinte> — ^and  some  of  them 
have  been  searched  carefully  for  fossils,  but  without  success,  suggesting 
that  for  some  cause  the  marine  fauna  could  not  advance  into  the  Ontario 
basin. 

Old  Watkk-levels  to  the  West 

While  the  marine  fossils  disappear  there  are  evidences  of  an  old  water- 
level  corresponding  to  the  beach  ridge  found  between  Maitland  and 
Gladstone,  extending  on  to  the  west.  At  Lyn,  a  few  mileii  beyond  Brock- 
ville, rocky  hills  rise  a  little  way  from  the  river,  but  at  their  foot  are 
level  clay  flats  at  an  elevation  of  325  feet  above  the  sea,  corresponding 
fairly  well  with  the  beach  -gravels  at  350,  since  a  beach  ridge  always 
stands  higher  than  the  clays  and  silts  laid  down  in  enclosed  waters. 

Similar  clay  flats  are  found  at  Mallorytown,  8  miles  farther  west,  and 
at  Lansdowne.  From  this  point  to-  Ernestown,  35  miles  farther,  traces 
of  this  water-level  have  not  certainly  been  found,  but  beyond  this  it  may 
be  seen  from  point  to  point,  and  at  Belleville  a  boulder  pavement  at 
323  feet  above  the  sea  probably  represents  it.  Near  Brighton  the  lowest 
water-level,  which  is  well  marked  and  has  a  shore  cliff  of  boulder-clay 
rising  60  or  70  feet  above  it  to  the  north,  stands  at  309  feet ;  and  what 
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seems  to  be  a  continuation  of  the  same  shore  has  been  traced  as  far  as 
Coboui^,  where  it  is  at  297  feet  above  the  sea.  Beyond  this  it  has  not 
been  followed,  though  a  vague  water-level  near  Toronto,  rising  20  or  30 
feet  above  lake  Ontario,  which  is  246  feet  above  sealevel,  may  be  a  con- 
tinuation of  it. 

Beach  lines  equivalent  to  the  one  mentioned  have  not  yet  been  re- 
ported from  New  York  state,  though  they  should  be  found  there  if  there 
were  wave  action  sufficient  to  form  them  on  the  Canadian  side.  Doctor 
Gilbert  describes  a  well  marked  terrace  on  a  hill  to  the  east  of  the  region 
mentioned,  but  apparently  too  far  above  350  feet  to  be  a  probable  con- 
tinuation of  the  water-plane  traced  west  of  Brockville, 

If  we  suppose  the  somewhat  faintly  marked  old  shore  described  above 
to  be  the  continuation  of  the  marine  beaches  to  the  east  of  Brockville, 
the  northeastern  part  of  the  region  must  have  been  considerably  de- 
formed since  the  Saxicava  sands  and  gravels  were  laid  down,  for  the 
finding  of  bones  of  a  whale  at  440  feet  at  Smiths  falls,  of  shelly  sands 
near  Ottawa  and  Arnprior  at  470  feet,  and  of  beaches  with  shells  at  560 
feet  at  Montreal  indicates  a  somewhat  rapid  rise.  Between  Maitland 
and  Montreal  the  average  rate  of  dififerential  elevation  is  1.75  feet  per 
mile;  and  if  we  take  the  beach  at  615  feet,  in  which,  however,  no  shells 
have  been  found,*  it  will  amount  to  about  two  feet  per  mile.  If  we  com- 
pare Welchs,  near  Smiths  falls,  at  440  feet,  with  Ernestown,  60  miles  to 
the  southwest,  at  327,  the  rate  is  a  little  under  two  feet  per  mile.  These 
are  not  improbable  rates  of  dififerential  elevation  when  compared  with 
those  worked  out  for  the  Iroquois  beach  to  the  west,  but  the  variation 
in  level  between  Maitland  and  Welchs,  30  miles  to  the  northwest  in  a 
line  nearly  at  right  angles  to  the  supposed  direction  of  greatest  deform- 
ation, is  90  feet,  or  3  feet  to  the  mile,  which  seems  hard  to  account  for. 

It  is  possible  that  in  the  beginning  the  sea  stood  for  a  short  time 
higher  than  the  main  beach  levels  indicate,  forming  then  the  deposits 
at  Welchs  and  the  water-line  noticed  by  Doctor  Gilbert  in  New  York. 
The  vague  character  of  the  beach  at  Welchs  suggests  only  a  short  time 
for  wave  action.  In  connection  with  this  it  may  be  mentioned  that 
fairly  distinct  beaches  have  been  found  by  myself  at  various  higher 
levels  in  the  Bay  of  Quinte  region  of  lake  Ontario,  on  the  bay  shore  of 
Prince  Edward  county  at  378  feet,  northwest  of  Belleville  at  416  feet, 
and  near  Trenton  at  390  feet;  but  thus  far  these  fragmentary  beaches 
have  not  been  traced  for  any  distance,  and  could  be  correlated  only 
doubtfully  with  beach  levels  farther  east.  If  these  beaches  were  of 
marine  formation,  the  sea  probably  occupied  the  region  for  too  short  a 

*  Can.  Ice  Age.  p.  63. 
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time  to  leave  much  impress,  and  as  no  fossils  occur  in  them  the  solution 
of  the  problem  must  remain  doubttiil. 

That  the  old  sealevel  at  350  feet  continued  into  the  Ontario  basin, 
and  may  even  have  reached  its  western  end,  seems  very  probable,  and 
the  fact  that  marine  fossils  are  very  abundant  east  of  Brockville,  but 
have  never  been  found  to  the  west,  may  be  accounted  for  by  the  nar- 
rowing of  the  lower  end  of  the  basin  forming  a  strait  not  very  much 
wider  than  the  present  river  and  only  100  feet  deeper ;  so  that  Niagara 
and  the  other  rivers  flowing  into  lake  Ontario  were  able  to  keep  the 
waters  fresh,  or  at  least  only  brackish,  in  spite  of  their  communication 
with  the  enlarged  gulf  of  Saint  Lawrence. 

It  may  fairly  be  asked  if  the  beach -like  deposits  of  sand  and  gravel 
and  also  the  stratified  clays  resembling  the  Leda  clay  occurring  at 
higher  levels  in  the  region  west  of  the  fossiliferous  beds  may  not  also 
•  be  of  a  marine  origin,  and  geologists  who  have  begun  their  studies  in 
the  maritime  provinces,  where  many  elevated  sea  beaches  exist,  are  in- 
clined to  this  view.  Sir  William  Dawson,  Doctor  Ells,  and  Mr  Chalmers 
have  looked  on  these  higher  stratified  deposits,  even  up  to  1,000  feet  to 
the  east  of  Toronto,  as  probably  marine ;  *  and  Doctor  Spencer  has  de- 
scribed the  Iroquois  beach,  rising  at  Brighton  and  Trenton  275  or  300 
feet  above  the  beach  levels  referred  to  in  this  paper,  as  formed  in  an 
arm  of  the  sea.  This  conclusion  is  a  very  natural  one  and  tends  toward 
simplicity  by  avoiding  the  assumption  of  an  ice-dam  ;  but  the  finding 
of  freshwater  shells  in  the  Iroquois  beach  near  Toronto  seems  conclusive 
as  to  the  character  of  the  water,  which  could  hardly  remain  fresh  or 
even  brackish  with  an  opening  70  or  80  miles  wide  and  400  feet  deep 
into  the  inland  sea  formed  by  the  enlarged  gulf  of  Saint  Lawrence. 

If  the  Iroquois  beach  is  of  freshwater  origin,  there  is  no  need  to  prove 
that  the  higher  beach-like  deposits  are  not  marine.  It  may  be  that 
some  of  them  were  not  even  formed  in  standing  water,  but  are  glacial 
and  of  a  kame-like  nature,  though  this  can  not  be  stated  positively 
without  some  field  work  in  the  region.  As  seen  from  the  Canadian 
Pacific  railway,  the  latter  view  seems  probable  in  at  least  a  few  cases. 

ClJMATR,   AND   AgE  OP  THE   MARINE   BeDS 

The  fossiliferous  beds  of  the  Ottawa  and  Saint  Lawrence  valleys  are 
sometimes  spoken  of  as  interglacial,  though  they  can  not  be  considered 
interglacial  in  the  same  sense  as  the  Toronto  formation  or  other  fossilif- 
erous deposits  lying  between  two  sheets  of  till.     They  usually  rest  on 

•  Bull.  Geol.  Soc.  Am.,  vol.  9,  p.  214  ;  Geol.  Survey  Can.,  vol.  x,  1897,  pp.  68  and  69  A. 
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boulder-clay  or  a  striated 'rock  surface,  or  form,  the  upper  beds  of  karae- 
like  hills,  but  have  not  yet  been  shown  to  be  covered  by  boulder-clay  or 
any  other  well  marked  glacial  materials.  It  is  true  that  scattered 
boulders,  which  may  be  called  erratics,  sometimes  rest  on  them,  but 
these  have  probably  been  transported  by  floating  ice  when  the  sea 
stood  at  its  higher  level,  just  as  river  ice  transports  large  boulders  in  the 
Saint  Lawrence  at  the  present  day. 

As  to  the  temperature  of  the  time,  the  plants  found  in  the  Leda  clay 
nodules  at  Ottawa,  28  species  in  all,  as  determined  by  Professor  Pen- 
hallow,  are  all  represented  in  the  same  region  at  present,  and  include  the 
sugar  maple,  the  yellow  birch,  and  the  common  and  balsam  poplar,  trees 
of  a  cool  temperate  but  by  no  means  arctic  climate.  Of  the  other  fossils 
much  the  same  may  be  said.  The  chipmunk  is  common  in  the  same 
region  now,  the  feathers  and  bone  of  a  bird  have  not  been  determined, 
and  the  four  species  of  insects — Fornax  Udensh^  Tenebrio  ccdciUensis^  Byr- 
rhm  oiUiwaensis,  and  Phryganea  ejecUi — ^as  determined  by  Doctor  Scudder, 
are  extinct  and  do  not  add  much  to  our  data.  The  seals,  dolphins,  and 
whales  found  in  our  deposits  are  all  still  living  in  the  gulf  of  Saint  Law- 
rence, and  the  same  is  true  of  most  of  the  26  other  marine  animals 
recorded.*  The  Arctic  species  mentioned  by  Sir  William  Dawson  are 
apparently  still  living  in  the  Gulf  and  do  not  indicate  a  climate  greatly 
different  from  the  present,  though  perhaps  somewhat  colder,  so  that 
these  be<ls  are  not  interglacial  even  in  the  sense  of  having  been  formed 
while  glacial  ice  occupied  the  shores  of  the  inland  sea,  though  it  is  pos- 
sible that  the  Labradorian  ice-sheet  had  not  wholly  vanished  at  the  time 
they  were  being  formed. 

*  If  the  usually  accepted  theory  that  the  Iroquois  water  was  dammed 
by  glacial  means  is  correct,  the  marine  beds  of  the  Ottawa-Saint  Law- 
rence region  could  not  have  been  formed  until  the  ice-tongue,' hundreds 
or  thousands  of  feet  thick,  which  obstructed  the  lower  end  of  the  Ontario 
basin,  had  melted  away,  and  this  provides  some  data  for  estimating  their 
age.  If  we  suppose  the  formation  of  the  Iroquois  beach  to  have  taken 
half  the  time  since  Niagara  began  its  work,  and  this  is  not  an  unreason- 
able supposition,  there  is  available  for  all  subsequent  events  a  time 
variously  estimated  at  from  2,500  to  16,000  years.  Within  this  time  the 
great  ice-dam  must  have  melted,  implying  a  retreat  of  the  glacial  front 
for  at  least  100  miles,  and  widespread  sheets  of  sand  and  laminated  clay, 
sometimes  more  than  140  feet  thick,  were  laid  down,  and  afterwards 
eroded  to  the  depth  of  at  least  110  feet  by  the  Rideau  and  other  rivers. 


*Cfto.  Ice  Age ;  also  contributions  to  the  paleontology  of  the  post-Pliocene  of  the  Ottawa  valley, 
Dr  Ami,  Ottawa  Naturalist,  vol.  xi,  no.  I,  pp.  20-26. 

XX— Bull.  Okol.  Soc.  A«i.,  Vol.  12,  1900 
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Since  the  marine  beds  wer6  formed  sufHcient  time  has  elapsed  to  allow 
the  region  of  Ottawa  to  rise  470  feet,  and  that  of  Montreal  560  or  perhaps 
615  feet,  and  within  the  same  time  limits  apparently  6  species  of  ani- 
mals have  become  extinct — 4  insects,  an  ostracode  {EsOieiin  dnwaoni),  and 
a  sponge  (CranieUa  logani,  Daws.). 

In  addition  to  the  considerations  just  mentioned,  the  present  beach 
of  lake  Ontario,  with  its  fairly  mature  forms,  including  the  cutting  of 
cliffs  hundreds  of  feet  high  and  the  building  of  gravel  bars  miles  in 
length,  as  at  Scarboro  and  Toronto,  must  have  been  worked  out  since 
the  barrier  at  the  Thousand  islands  came  into  existence,  and  therefore 
since  the  completion  of  the  marine  deposits  just  to  the  east,  for  they 
rise  a  hundred  feet  above  it. 

Though  we  do  not  know  the  exact  rate  of  any  of  these  operations ,  all 
of  them  seem  to  demand  a  large  amount  of  time,  and  tiie  lower  limit, 
of  2,500  years,  let  us  say  since  the  time  of  Pericles  or  the  founding  of 
Rome,  seems  quite  inadequate,  and  even  the  upper  one,  of  16,000  years, 
not  too  great. 

High-level  Beaches  in  southern  Ontario 

Two  or  three  hundred  feet  above  the  most  westerly  deposits  containing 
marine  fossils  is  the  splendidly  developed  Iroquois  beach,  followed  by 
the  Nipissing,  Algonquin,  and  Warren  shorelines,  all  very  distinct  and 
fairly  well  known  through  the  labors  of  Spencer,  Gilbert,  Taylor,  and 
others.  These  need  not  be  discussed  here,  except  to  mention  that  a  few 
freshwater  shells  have  been  found  in  the  Iroquois  beach,  and  that  great 
numbers  of  freshwater  fossils  are  found  in  an  extensive  area  near  Geor- 
gian bay,  probably  belonging  to  lake  Algonquin,  though  possibly  to  lake 
Warren,  showing  that  at  least  two  of  these  higher  beaches  are  not  marine. 

There  are,  however,  beach  deposits  at  higher  levels  than  any  of  the  old 
shorelines  mentioned,  the  highest  of  which,  so  far  as  recorded,  reaches 
1,230  feet  above  the  sea."'  On  the  highlands  of  the  peninsula  between 
lake  Huron  and  Georgian  bay  Doctor  Spencer  has  found  several  frag- 
ments of  beaches,  around  what  must  have  been  an  old  island,  at  levels 
from  1,400  to  1,690  feet,t  and  similar  beaches  have  been  described  by  the 
present  writer  at  points  1,422  to  1521  feet  above  the  sea  in  the  same  dis- 

trictj    Some  of  these  are  well  narked  water-levels,  with  broad  terraces 

■ ■  I 

•  Mr  Taylor  mentions  water-levels  at  1,2(K)  to  1,230  feet  near  Trout  creek,  Cartier,  etcetera,  proln 
ably  belonging  to  the  Algonquin  shores.  Am.  Geol.,  vol.  xiv,  1894,  p.  28A.  He  descrilten  hIco 
bi?achos  at  1,530  or  1,540  feet  west  of  Port  Arthur,  belonging,  however,  to  a  relatively  small  iee- 
dammed  lalce  which  he  has  named  lake  Kaministiquia. 

t  History  of  the  Great  Lakes,  p.  78. 

X  Bur.  Mines  Ont.,  IIMIC),  pp.  17(;,  177. 
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and  rock  cliffe  m  the  rear,  and  can  hardly  be  accounted  for  as  belonging 
to  the  extraordinary  river  valley  described  by  Mr  Taylor  farther  south 
on  the  same  escarpment,  where  only  one-half  of  the  channel  of  the  river 
is  left,  its  eastern  side,  which  was  of  ice,  having  melted  away.  As  exam- 
ples may  be  mentioned  a  terrace  at  1,521  feet  on  the  Blue  mountains 
near  CoUingwood,  where  a  terrace  large  enough  to  contain  several  fields 
lies  immediately  below  a  sharp  limestone  cliff,  and  terraces  at  1,420  feet, 
with  rock  cliffs  in  the  rear,  south  of  Meaford,  on  the  same  escarpment, 
showing  plainly  on  both  sides  of  a  deep  valley  which  cuts  for  a  mile  or 
two  into  the  tableland.  In  the  latter  case,  especially,  it  is  hard  to  see 
how  an3'thing  else  than  static  water  could  have  done  the  work.  The 
same  is  true  of  the  broad  Proton  plains  whicl?  lie  almost  on  top  of  the 
old  island  referred  to,  at  an  elevation  of  1,630  feet,  according  to  Doctor 
Spencer,*  and  consist  of  clays  apparently   waterlaid. 

If  the  evidence  just  given  be  accepted,  the  watera  by  which  the  terraces 
were  made  may  have  belonged  to  a  higher  lake  Whittlesey  before  the 
latter  drained  past  Chicago. 

Beaches  farther  North 

Within  the  last  two  years  beaches  have  been  found  at  similar  eleva- 
tions to  the  north  of  the  Great  lakes  also.  One  is  found  about  30  miles 
northwest  of  Michipicoten  harbor,  lake  Superior,  on  the  mountain  port- 
age between  the  waters  of  White  river  and  Dog  river.  It  is  a  very  dis- 
tinct terrace,  of  coarse  but  well  rounded  gravel  and  stones,  1,445  feet 
above  the  sea,  and  has  been  shown  by  Professor  Willmott  to  occur  again 
4  miles  to  the  north,  on  Pokay  lake,  at  about  the  same  level.  On  Ob- 
atonga  lake,  at  the  south  end  of  the  portage,  there  is  a  well  marked  and 
extensive  sand  terrace  at  1,380  feet,  and  one  or  two  lower  ones  occur 
near  by,  on  the  same  chain  of  lake  expansions,  forming  the  upper  part 
of  Dog  river,  all  of  them  being  well  above  the  nearest  pass  to  Hudson 
bay,  which  is  at  Missanaibi,  70  miles  to  the  east,  and  is  1,115  feet  above 
the  sea.  It  is  possible  that  these  terraces  were  formed  in  the  body 
of  water  which  made  the  highest  beach  on  Keweenaw  point,  150  miles 
to  the  southwest,  now  about  1,200  feet  above  the  sea,  the  difference 
being  accounted  for  by  the  greater  amount  of  elevation  toward  the 
northeast. 

If  these  terraces  were  of  marine  origin  the  arm  of  the  sea  which  pro- 
duced them  must  have  been  many  miles  broad  and  hundreds  of  feet 


*The  rnilvray  level  for  Proton  is  1,582,  and  the  trAck  Im^  about  the  level  of  the  plain,  which 
seems  to  make  the  elevation  60  feet  le»s  than  that  mentioned. 
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deep,  and  must  have  had  connections  both  north  toward  an  immensely 
enlarged  Hudson  bay  and  east  toward  the  Atlantic.  The  rugged  and 
mountainous  Michipicoten  region,  which  includes  the  highest  known 
point  of  Ontario,  2,120  feet  above  the  present  sealevel,  must  have  formed 
a  lai^e  island. 

The  other  high-level  beaches  £^re  200  miles  to  the  southeast  of  the  ones 
just  described,  on  the  watershed  between  the  Saint  Lawrence  and  Hud- 
son bay  wajiers,  near  Meteor  lake,  40  miles  northeast  of  Straight  Lake  * 
station,  on  the  Canadian  Pacific  railway,  and  reachable  only  by  canoes. 
The  region  consists  mainly  of  wide  sand  and  gravel  plains  having  an 
elevation  of  1,400  to  1,420  feet,  with  kames  and  also  esker  ridges  rising 
50  to  100  feet  higher.  The  plains  are  often  interrupted  by  kettles  occu- 
pied by  lakes,  one  of  the  largest  being  Meteor  lake  itself,  which  is  4  miles 
long.  All  these  lakes  have  steep  gravel  banks,  evidently  not  formed  by 
their  own  feeble  waves,  but  due  no  doubt  to  the  burying  of  masses  of 
ice  in  sand  and  gravel  near  the  edge  of  a  retreating  ice-sheet.  The  melt- 
ing of  the  buried  ice  gave  rise  to  the  cavities  now  filled  by  the  lakes, 
some  of  the  smaller  ones  with  no  visible  outlet. 

Meteor  lake,  as  determined  by  aneroid,  stands  1,393  feet  above  the  sea 
and  is  reported  to  be  150  feet  deep.  It  has  the  not  unusual  feature  of 
draining  both  ways — to  the  southeast  by  a  small  stream  into  Wahnapitae 
river,  which  eventually  reaches  Georgian  bay,  and  to  the  north  by  seepage 
through  an  esker  ridge  into  Seven  Mile  lake,  which  belongs  to  the  Mata- 
gami  chain  of  waters  emptying  into  Hudson  bay.  This  is  proved  by 
the  fact  that  a  narrow  bay  of  the  latter  lake,  approaching  within  400  feet 
of  Meteor  lake,  but  at  a  level  35  feet  lower,  has  clear  water,  like  the  lakes 
in  the  gravel  plain,  while  the  rest  of  Seven  Mile  lake  has  the  usual  brown 
water  of  muskeg  regions. 

That  the  sand  and  gravel  of  these  lakes  on  the  watershed  are  often 
well  stratified  and  without  the  tumultuous  arrangement  found  in  kames 
has  been  proved  by  numerous  test-pits  sunk  for  prospecting  purposes. 
Polished  or  striated  stones  have  not  been  found  in  them,  although  the 
gravel  and  stones  were  carefully  examined  to  determine  their  origin,  a 
matter  of  interest,  since  the  beds  are  more  or  less  gold-bearing  and  have 
been  taken  up  as  placer  claims.  In  some  cases  also  there  are  terraces 
which  must  have  been  formed  by  water,  as  at  the  Onaping  Gold  Mining 
Company's  sluices,  where  one  has  been  cut  in  the  side  of  an  esker  and 
covered  with  stratified  yellow  sand  quite  different  from  the  bouldery 
gravel  on  which  it  is  deposited. 

The  plains  were  probably  formed  of  materials  brought  by  subglacial 
streams  and  dropped  at  the  margin  of  the  ice,  but  whether  in  local  lakes 
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or  a  single  large  one  can  not  be  decided  with  the  information  now  at 
hand.  It  should  be  mentioned  that  a  sand  terrace  on  the  shore  of 
Geneva  lake,  45  miles  south,  has  an  elevation  of  about  1,400  feet,  and 
that  gravel  plains,  with  kettle  holes,  at  a  height  of  1,335  feet  occur  20 
miles  to  the  west,  on  the  divide  between  the  waters  of  Spanish  river, 
flowing  into  Georgian  bay,  and  Matagami  river. 

The  extensive  gravel  and  sand  deposits  just  referred  to  as  occupying 
the  watershed  between  Hudson  bay  and  the  Saint  Lawrence  system  of 
waters  were  evidently  formed  at  the  ice  margin  during  a  long  halt  of  the 
retreating  glacier,  and  the  low  passes  to  the  north  and  northeast  were 
no  doubt  filled  by  the  ice,  preventing  any  connection  with  Hudson  bay, 
whether  the  region  stood  at  that  time  at  sealevel  or  not.  If  they  were 
formed  by  salt  water  it  must  have  been  an  extension  of  the  gulf  of  Saint 
Ijawrence;  but  it  is  probable  that  the  much  lower  ground  eastward  to- 
ward lakes  Temagami  and  Temiscaming,  the  latter  only  581  feet  above 
the  sea,  was  still  covered  with  a  great  lobe  of  ice,  since  in  the  lower  \n\Y\s 
the  ice-mass  must  have  been  correspondingly  thick,  and  hence  slower  in 
melting.  This  ice-lobe  may  even  have  extended  down  the  lowlands  near 
the  Ottawa  to  the  Saint  Ijawrence,  and  so  have  provided  the  supposed 
ice-dam  of  lakes  Algonquin  and  Iroquois,  in  which  case  the  Algonquin 
bciicl)  must  be  imagined  as  extended  as  far  as  Meteor  lake,  with  a  rather 
rapid  differential  elevation  of  200  feet  between  Cartier  and  Meteor  lake, 
40  miles  to  the  north. 

The  source  of  the  immense  beds  of  sand  and  gravel  must  have  been 
glacial,  since  the  rocky  hills  rising  throui^h  the  plains  could  not  have 
afforded  any  large  part  of  the  materials,  being  entirely  Laurentian,  while 
much  of  the  gravel  is  of  Huronian  rock.  It  appears  as  if  the  gravel  must 
have  been  transported  largely  against  the  slope  of  the  country,  which 
falls  away  toward  Hudson  bay  on  the  north  and  toward  Temiscaming 
on  the  east.  The  glacial  stride  seen  in  the  region  run  from  south  to  25 
degrees  west  of  south.  It  is  perhaps  possible  that  subglacial  streams  may 
transport  materials,even  coarse  gravel,up  grade  by  means  of  the  hydraulic 
pressure  of  the  column  of  water  derived  from  the  high  level  of  the  ice- 
surface  in  the  rear,  much  as  hydraulic  elevators  lift  gravel  in  the  western 
placer  mines. 

Southeast  of  Meteor  lake  a  succession  of  similar  sand  and  gravel  plains 
stretches,  with  a  few  interruptions,  for  40  miles,  following  in  a  general 
way  the  lake  system  of  Vermilion  river,  though  the  headwaters  of  Mon- 
treal and  Wahnapitae  rivers  also  start  from  the  neighborhood  of  Meteor 
lake.  As  one  advances  southeast  the  level  gradually  sinks  by  a  series 
of  steps  until  near  lake  Wahnapitae  similar  plains  with  lake-filled  ket- 
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ties  are  only  1,000  feet  above  the  sea,  though  some  terraces  rise  to  1,135. 
The  prospectors  of  the  region,  who  have  taken  up  almost  the  whole 
length  as  placer  claims,  think  the  gravels  belong  to  an  old  river  much 
larger  than  the  Vermilion ;  but  there  is  little  except  the  general  down- 
ward slope  of  the  gravel  plains  to  support  this  view.  The  gravels  do 
not  follow  a  single  valley,  but  sometimes  occupy  two  parallel  valleys, 
with  a  total  width  of  two  or  three  miles,  and  sometimes  cease  altogether 
for  a  short  distance.  All  the  way  down  there  are  occasional  terraces 
such  as  might  be  formed  by  wave  action. 

The  fact  that  this  stretch  of  40  miles  is  everywhere  auriferous,  while 
sand  and  gravel  areas  of  a  similar  kind  to  the  south  and  west  contain 
little  or  no  gold,  suggests  a  common  source  of  the  materials  between 
Meteor  lake  and  lake  Wahnapitae ;  but  the  gold  is  generally  exceed- 
ingly fine,  the  largest  color  seen  by  myself  having  a  value  of  only  four 
cents,  and  the  scales  are  much  rounded  and  flattened,  suggesting  that 
it  may  have  been  transported  from  a  considerable  distance,  very  likely 
by  glacial  means. 

Conclusions 

From  the  examples  cited  in  the  foregoing  paper  it  will  be  seen  that 
beach  lines  and  terraces  more  or  less  well  defined  occur  in  Ontario  at 
all  levels  from  one  or  two  hundred  to  fifteen  or  sixteen  hundred. feet 
above  the  sea,  those  of  medium  height  being,  as  perhaps  might  be  ex- 
pected, more  distinct  Aud  continuous  than  the  lower  and  higher  ones, 
since  the  opportunities  for  impressing  themselves  on  the  topography 
were  greater.  Through  various  circumstances,  due  probably  to  the  rate 
of  retreat  of  the  ice  and  of  the  differential  elevation  of  the  region,  some 
of  the  water-levels  lasted  much  longer  than  others,  good  examples  of 
the  more  permanent  ones  being  afforded  by  the  Iroquois,  Nipissing, 
Algonquin,  and  Warren  beaches.  As  a  general  rule,  the  higher  beach 
lines  are  older  than  the  lower  ones,  though  there  may  be  exceptions  to 
this,  as  in  the  case  of  the  Nipissing  beach  as  compared  with  the  Iroquois, 
the  latter,  though  the  lower,  being  the  older  of  the  two.  This  general 
8ucces8ion«in  age  from  higher  to  lower  may  be  accounted  for  largely  by 
the  theory  of  ice-dams,  since  the  last  ice-sheet  retreated  on  the  whole 
in  a  northeasterly  direction,  the  various  bodies  of  water  following  up  its 
front  and  leaving  the  successive  beach  lines  each  more  greatly  tilted 
than  the  next  one  below,  if  we  project  their  planes  to  the  same  vertical 
line  at  the  northeast  of  the  region.  The  Nipissing  beach,  however,  not 
having  been  formed  in  an  ice-dammed  body  of  water,  will  to  that  extent 
be  an  exception. 
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The  processes  of  ice  retreat  and  differential  elevation  must  not  be 
thought  of  as  uniform  in  rate  or  even  as  continuous  at  a  varying  rate. 
Probably  the  ice-front  oscillated,  as  we  know  is  the  case  with  modern 
glaciers,  and  one  lobe  may  even  have  advanced  while  others  retreated, 
as  some  Alpine  glaciers  are  shown  to  have  done  in  the  last  century. 

As  regards  differential  elevation  less  is  known,  but  the  numerous  ma- 
rine terraces  of  the  lower  Saint  Lawrence  may  imply  an  intermittent 
elevation,  each  terrace  indicating  a  halt  or  a  slowing  up  of  the  motion. 
On  the  other  hand,  many  of  the  terraces  on  the  north  shore  of  lake 
Superior  and  on  Michipicoten  island  show  beach  ridge  after  beach  ridge 
witli  no  sharp  line  between,  often  running  almost  continuously  upward 
as  one  goes  inland  and  covering  a  range  of  from  50  to  100  feet.  In  fact, 
if  one  tabulates  the  various  beaches  one  6nds  that  at  one  point  or 
another  there  are  shorelines  at  every  level  from  the  present  lake  to  475 
feet  above  it,  with  no  gap  greater  than  10  feet  between  the  successive 
steps.*  Above  this,  however,  the  intervals  become  greater  and  more 
irregular. 

We  know  little  of  these  earth  movements,  but  it  is  possible  that  they 
begin  haltingly,  grow  more  rapid  and  uniform,  and  then  slow  down 
irregularly  as  the  brakes  are  applied.  Following  the  common  opinion 
that  the  solid  crust  or  lithosphere  resting  on  the  layer  of  plasticity  or 
tektosphere,  to  use  Murray's  terms,  does  not  yield  instantly  to  the  change 
of  conditions,  there  may  be  comparatively  sudden  accommodations 
when  the  strain  goes  beyond  endurance,  and  then  periods  of  relative 
quiescence. 

If  the  theory  held  by  Mr  Warren  Upham  and  others  is  correct  that 
the  oscillations  of  level  are  produced  by  the  loading  down  of  the  region 
with  ice,  producing  subsidence,  and  then  the  removal  of  the  load  by 
the  melting  of  the  ice,  allowing  it  to  rise  again,  there  should  be  a  rough 
correspondence  between  the  thickness  of  the  ice-sheet  and  the  level  of 
the  land,  though  we  should  expect  the  stage  of  elevation  to  be  always 
in  arrears,  perhaps  even  to  the  extent  of  thousands  of  years.  Doctor 
Gilbert's  researches  appear  to  show  that  the  region  ia  still  being  tilted 
up  toward  the  northeast,  though  the  Great  lakes  are  supposed  to  have 
been  free  from  ice  ever  since  Niagara  falls  began  its  work. 

The  mechanism  by  which  these  changes  of  level  are  produced  is,  of 
course,  obscure,  but  it  may  be  supposed  that  as  the  region  becomes 
weighted  down  the  plastic  layer  some  miles  below  the  surface  yields  to 
the  pressure  and  moves  sluggishly  outward  in  all  directions,  and  after 
relief  from  pressure  creeps  back  to  the  area  that  has  been  lightened. 

*()nt.  Bur.  Minos,  18(«>,  pp.  loo,  1.%. 
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The  subject  in,  however,  too  extensive  and  too  vague  to  be  discussed 
properly  here,  and  has  been  introduced  only  to  indicate  the* complexi- 
ties of  the  problem  presented  by  the  great  series  of  raised  beaches. 

The  theory  of  ice-dams  as  causing  the  old  water-levels  seems  prefer- 
able to  the  older  one  still  held  by  some  geologists,  that  the  beaches  were 
all  formed  at  sealevel,  and  has  been  adopted  in  this  paper,  since  it  is 
scarcely  conceivable  that  marine  fossils  should  swarm  as  they  do  in  de- 
posits up  to  the  level  of  350  or  440  feet  and  suddenly  cease  above  that 
level. 

lliose  who  consider  the  beaches  marine  may  reply,  of  course,  that  the 
seashells  which  once  existed  in  the  higher  beaches  have  all  been  leached 
out  by  percolating  waters,  or  that  shells  were  never  deposited  in  them, 
owing  to  the  difference  in  conditions,  such  as  the  coldness  or  brackishness 
of  the  waters  in  contact  with  the  edge  of  the  ice. 

While  it  is  true  that  the  higher  beaches  are,  in  general,  older  than  the 
lower  deposits  which  have  abundant  shells,  and  so  may  have  suffered 
more  from  weathering,  it  must  not  be  forgotten  that  the  comparatively 
ancient  Algonquin  sands  near  Georgian  bay  are  often  crowded  with 
freshwater  shells  still  in  perfect  preservation,  though  somewhat  fragile. 
On  the  other  hand,  the  supposition  that  the  seawater  was  lifeless  when 
the  upper  beaches  were  made  seems  hard  to  defend.  The  coldness  of 
the  water  does  not  affect  the  matter,  for  arctic  seas  swarm  with  life  almost 
as  much  as  temperate  or  tropical  ones;  nor  can  one  assume  that  the  water 
of  a  sea  that  must  have  been  connected  by  broad  and  deep  channels 
with  both  Hudson  bay  and  the  Atlantic  could  be  made  so  brackish  as 
not  to  support  marine  life,  when  the  later  comparatively  narrow  and 
shallow  inlet  west  of  Montreal  left  beds  filled  with  shells,  in  spite  of  the 
pouring  in  of  fresh  water  from  the  upper  lakes. 

The  objection  soinetimes  made  to  the  theory  of  ice-dams  that  no  gla- 
cial mass  could  withstand  the  pressure  of  a  head  of  water  hundreds  of 
feet  in  depth,  and  that  the  lakes  would  soon  find  an  outlet  beneath  the 
ice,  does  not  seem  well  taken,  for  no  one  knows  how  effective  a  dam  a 
sheet  of  ice  100  miles  broad  and  a  thousand  or  seve]:al  thousand  feet  thick 
would  make.  The  modern  glaciers  whose  ice-dammed  lakes  have  been 
studied  are  too  insignificant  relatively  to  make  a  comparison  of  much 
value.  As  to  the  head  of  water  to  be  held  up,  one  may  just  as  fairly  assume 
a  low  one  as  a  high  one,  for  it  is  admitted  that  the  whole  region  stood 
lower  at  the  time  the  beaches  were  formed  than  now,  and  the  depression 
may  have  been  great  enough  to  relieve  the  dam  of  much  of  the  pressure. 
It  is  quite  unnecessary,  therefore,  to  assume  an  ice-dam  holding  up  a 
huge  lake  1,400  feet  above  sealevel,  so  as  to  form  a  beach  now  at  that 

XXI— Boll.  Grol.  Soc.  Am.,  Vol.  12,  1900 
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level,  for  the  region  may  have  risen  most  of  the  1,400  feet  since  that 
time.  In  fact,  the  highest  beaches  may  have  been  made  at  a  time  of 
great  depression,  and  hence  very  little  above  the  sea,  while  the  lower 
and  later  ones  may  have  had  nearly  the  same  position,  owing  to  the  ad- 
vance in  elevation  as  the  ice-sheet  thinned  and  retreated. 

The  later  and  lower  deposits,  which  are  clearly  marine,  were  formed 
after  the  ice  had  been  completely  removed  from  the  province  of  Ontario, 
and  the  climate  of  Ottawa  had  become  practically  the  same  as  at  present. 
These  deposits  are  therefore  in  no  sense  interglacial. 
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Kittatinny  Valley 

Kittatinny  valley  is  the  name  given  to  that  part  of  the  Great  Appala- 
chian valley  which  traverses  northern  New  Jersey.  Its  width  varies  from 
10  to  13  miles,  and  it  stretches  from  the  Delaware  river  to  the  New  York 

*  Pablished  by  permission  of  the  State  Qeologist  of  New  Jersey. 
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state  line.  On  the  northwest  it  is  bounded  by  the  Kittatinny  mountain, 
the  crest  of  which  is  composed  of  hard  Oneida  conglomerate  and  sand- 
stone. On  the  southeast  lie  the  pre-Cambrian  crystallines  of  the  high- 
lands, while  the  rocks  of  the  valley  are  chiefly  limestones  and  shales  of 
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0  FiouRE  1. — Map  of  Nor thtr Cittern  New  Jersey. 

1.  Newton.  2.  Hamburg.  3.  Deckertowo.  4.  Hardi.<*tonrille.  5.  Rlalrstown.  6.  ColumbU. 
7.  Beivldere.  8.  Phillip.sburg.  9.  Haokottstown.  11.  Dover.  12.  Washington.  13.  Carpenters- 
▼  ille.  The  Hardiston  quartzite  forms  a  narrow  outcrop  along  the  normal  contact  of  the  Kitta- 
tinny limestone  and  the  crystallines.  The  Treuton  limestone  forma  a  narrow  outcrop  along  the 
normal  contact  of  the  Kittatinny  limestone  and  the  Hudson  River  shale. 


Cambrian  and  Ordovician  age.  In  addition  to  this  wide  trough-like 
depression  there  are  several  long,  narrow  valleys  within  the  highlands 
themselves,  the  rocks  of  which  are  of  the  same  age  as  those  of  the  Kitta- 
tinny valley.    Small  detached  areas  of  the  same  formations  occur  along 
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the  eastern  border  of  the  highlands,  and  evidently  underlie  in  part,  at 
least,  the  Newark  formation. 

The  general  geological  relations  are  shown  in  figure  1,  which  repre- 
sents the  northwestern  part  of  the  state,  including  the  highlands,  Kitta- 
tinny  valley,  and  Kittatinny  mountain.  In  the  Kittatinny  valley  there 
is  found  the  succession  noted  in  the  pages  which  follow. 

Hardiston  Quartzite 
relations  and  character 

At  the  base  of  the  limestone,  resting  upon  the  pre-Cambrian  crystal- 
lines, there  is  a  sandstone  or  quartzite  of  variable  compo.sition  and  thick- 
ness. It  was  described  and  named  Hardistonville  quartzite  by  Wolf 
and  Brooks,*  from  the  village  of  that  name,  near  which  there  are  good 
exposures.  The  shorter  name  used  above,  which  is  that  of  the  town- 
ship, seems  preferable,  however,  and  is  here  proposed. 

The  following  description  of  this  formation  f  for  the  Franklin  Fur- 
nace area  was  given  by  Wolf  and  Brooks : 

"When  fresh  the  quartzite  is  usually  bluish  gray,  weathering  near  the  surface 
to  a  yellow  or  brown,  often  porous,  limonitic  rock.  Frequently  it  contains  con- 
siderable pyrite,  and  varies  in  coarseness  from  a  fine  conglomerate  to  a  quartzite. 
A  shaly  phase  is  often  present  in  the  upper  part  of  the  bed,  wliere  it  merges  into 
the  limestone.  It  is  composed  of  large  and  small  grains  of  clastic  quartz,  which 
are  usually  cemented  by  calcite,  mixed  with  a  fine  abrogate  of  quartz.  In  many 
localities  it  is  filled  with  fragments  of  clastic  feldspar  (microcline,  etc.),  and 
plates  of  light  colored  mica  which  are  distinctly  clastic,  as  seen  in  thin  section. 
Where  it  occurs  near  the  white  limestone  it  frequently  contains  graphite  .  .  ^ 
in  round  plates,  often  bent,  and  in  thin  section  they  show  no  evidence  of  having 
been  formed  in  iri/u.     .     .    . 

"  The  quartzite  in  many  places  becomes  an  arkose,  and  is  then  composed  of 
quartz,  feldspar,  and  mica,  with  fragments  of  granite." 

These  workers  also  found  a  few  pebbles  of  white  limestone  imbedded 
in  the  quartzite  at  three  localities. 

Examination  of  the  formation  over  a  wider  area  has  shown  that  it  is 
even  more  variable  in  character  than  implied  in  the  above  extract. 
Sorae  beds  are  composed  of  coarse  rounded  quartz  grains,  with  some 
feldspar,  the  interstices  being  but  slightly  filled  by  any  cementing  ma- 
terial. In  some  sections  the  only  approach  to  a  quartzite  is  a  coarse 
quartz  sandstone  or  a  fine  grained  sandy  limestone,  intercalated  with 
beds  of  shale  and  dolomitic  limestone.     Elsewhere,  as  in  the  railroad 


•  U.  S.  Geol.  Survey,  I8th  Annual  Report  of  the  Director,  pt.  ii,  p.  442  et  seq. 
fLoc.  cit.,  p.  442. 
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cut  west  of  Hamburg  station,  a  true  quartzite  occurs.     Here  a  thin  band 
of  slightly  arkose,  vitreous  quartzite  is  shown  resting  upon  the  granite. 

Drift  conceals  all  exposures  for  10  or  12  feet,  beyond  which  Uiere  are 
calcareous  sandstones  and  sandy  limestones  for  45  or  50  feet.  Fifty  feet 
higher  in  the  series  a  shaly  limestone  is  exposed  in  an  old  quarry.  Near 
AUamuche  an  arkose  conglomerate  occurs  at  the  base  of  the  formation. 
Pebbles  2  to  4  inches  in  diameter  occur,  although  they  are  usually  less 
than  one  inch.  Pebbles  of  slate  were  noted  in  addition  to  the  quartz, 
feldspar,  mica,  granite,  and  gneiss  commonly  present 

The  quartzite  is  usually  a  blue-gray  color  when  fresh,  but  some  beds 
are  a  light  yellow-brown,  and  others  are  nearly  white.  The  arkose  con- 
glomerate layers  vary  considerably,  owing  to  the  varying  shades  of  color 
of  their  constituents. 

The  thickness  of  the  formation  as  given  by  Wolf  and  Brooks  is  from 
''  30  feet  to  a  foot  or  less."  In  our  wider  studies  it  has  frequently  been 
found  to  have  a  much  greater  thickness.  The  conglomeratic  phase  is 
known  to  exceed  100  feet  at  a  number  of  localities.  In  the  railroad 
cuts  at  Washington,  New  Jersey,  where  the  quartzite  can  be  seen  to  rest 
on  the  slightly  undulatory  surface  of  a  coarse  grained  pegmatitic  grani- 
toid-gneiss, it  has  a  thickness  of  100  feet,  grading  upward  into  a  sandy 
limestone,  of  which  15  feet  are  exposed,  and  which  is  in  turn  succeeded 
by  at  least  10  or  15  feet  of  sandy  shales.  If  these  transition  beds  are 
to  be  included  in  the  quartzite  formation,  its  thickness  here  is  at  lea^t 
140  feet  Thin  beds  of  shale,  sandstone,  and  impure  limestone  have 
elsewhere  been  noted  at  about  the  same  distance,  120-140  feet  above  the 
base  of  the  formation.  North  of  Clinton,  on  the  southeastern  flank  of 
the  highlands,  the  conglomeratic  quartzite  is  over  185  feet  thick,  the 
top  not  being  exposed  and  the  transition  beds  not  being  included  in  the 
measurement 

The  varying  constitution,  the  local  derivation  of  the  material,  and  the 
great  range  in  thickness  indicate  that  the  conglomerate  is  a  shore  de- 
posit Its  increase  in  thickness  toward  the  southeast  locates  the  Cam- 
brian land  in  that  direction.  Its  occurrence  on  the  southeastern  flank 
of  the  highlands  proves  that  the  land  lay  farther  east  than  the  present 
highlands  and  probably  even  east  of  the  present  limits  of  the  state. 

Lower  Cambrian  trilobites  have  been  found  by  Beecher,  Foerste,  and 
others  in  this  formation  near  Franklin  Furnace  and  Andover,  and  by 
Weller  at  various  jwints  from  Franklin  to  Washington.  They  can  be 
recognized  only  in  the  calcareous  sandstone  beds  aqd  here  only  in  the 
weathered  portion  of  the  rock,  from  which  the  calcareous  matter  has 
been  dissolved.  This  weathered  rock  is  of  a  deep  brown  color,  arena- 
ceous and  friable.     It  splits  readily  along  the  planes  where  the  trilobite 
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tests  have  been  removed  by  solution  during  the  process  of  weathering. 
A  careful  search  in  the  fresh,  unaffected  portion  of  the  rock  failed  to 
disclose  any  sign  of  fossil  remains.  That  they  are  really  present  in 
abundance,  however,  is  shown  by  the  frequency  of  their  occurrence  in 
the  weathered  portions.  We  have  found  no  fossils  in  the  vitreous 
quartzites  nor  ill  the  arkose  beds. 

PREVIOUS  VIEWS 

Professor  Rogers  ^observed  this  formation  at  a  few  localities  and  called 
it  iTumber  1  of  the  Lower  Secondary  or  Appalachian  rocks. 

Professor  George  H.  Cookf  correlated  it  with  the  Potsdam  sandstone  of 
New  York  on  the  basis  of  its  position  beneath  the  great  limestone  for- 
mation, all  of  which  was  believed  to  be  the  equivalent  of  the  Calciferous 
sandstone  of  New  York. 

In  1890  F.  L.  Nason,  in  a  paper  presented  to  the  Geological  Society 
of  America,  announced  the  discovery  by  himself  and  Doctor  Beecher  of 
Lower  Cambrian  fossils  in  this  quartzite. 

Doctor  Foerste  J  in  1893  added  to  the  localities  at  which  Cambrian 
fossils  had  been  found  and  showed  that  the  quartzite  bed  was  more 
continuous  than  had  been  previously  supposed. 

C.  D.  Walcott  §  has  shown  that  "  the  basal  sandstones  of  Alabama, 
Tennessee,  and  Virginia  (Chilhowee  quartzite) ;  Maryland,  Pennsylva- 
nia, and  New  Jersey  (the  Reading  quartzite)  ;  New  York  and  Vermont 
(Bennington  quartzite),  were  all  deposited  in  Lower  Cambrian  time." 

Wolf  and  Brooks  ||  described  the  formation  as  it  occurs  near  Franklin 
Furnace,  New  Jersey,  and  applied  to  it  the  geographical  name  "  Hardis- 
tonville." 

KlTTATINNY   LiMESTONE 
STRATIGRAPHIC  AND  MACROSCOPIC  CHARACTERS 

Above  the  Hardiston  quartzite  and  lying  conformably  on  it- is  a  great 
thickness  of  limestone,  mostly  dolomitic  and  unfossiliferous.  Nearly  all 
the  limestone  of  both  the  Kittatinny  valley  and  the  allied  highland 
valleys  is  included  in  this  formation.  It  is  somewhat  variable  in  texture, 
bedding,  and  color,  but  these  variations  are  not  sufficiently  constant  to 
afford  a  basis  of  further  subdivision.  The  color  is  usually  blue  or  gray. 
Sometimes  it  is  nearly  black,  and  in  places  it  has  a  pinkish  tinge.  Much 
of  the  formation  occurs  in  massive  beds,  occasionally  3  or  4  feet  thick. 


*  Description  of  the  Geology  of  New  Jersey,  being  a  final  report,  Phila.,  1840,  pp.  45-47, 

+  Geology  of  New  Jersey,  1»68,  p.  72. 

X  Foerste  :  Ara.  Jour.  Scl.,  :*d  serien,  vol.  xlvl,  189:%  pp.  4ik')-444, 

I  WhIcoU  :  Balletin  i:i4,  U.  S.  Geol.  Survey,  \8Wi,  p.  3:s. 

I  Wolf  and  Brooks,  loc,  cit. 
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Contrasted  with  these  there  are  several  hundred  feet  of  thin  beds  in  the 
upper  part  of  the  formation  in  which  bands  of  limestone  an  inch  in 
thickness  are  separated  by  thin  partings  of  greenish  shale  or  by  equally 
thin  layers  of  sandstone.  Some  layers  contain  much  chert,  both  in  the 
form  of  nodular  masses  and  as  lenses  a  foot  or  less  in  thickness  and 
several  rods  in  diameter.  Some  beds  are  minutely  crystalline,  some  of 
so  dense  and  fine  a  texture  that  no  grains  nor  crystals  are  visible  ma- 
croscopically,  and  some  of  the  lower  beds  are  oolitic.  At  a  numbep  of 
points  beds  of  almost  pure  limestone,  alternating  with  the  doloniitic 
layers,  occur  near  the  top  of  the  formation  as  exposed.  Owing  to  a  slight 
unconformity,  however,  between  this  formation  and  the  succeeding  one, 
the  top  is  a  variable  horizon. 

The  thickness  of  the  Kittatinny  limestone  is  probably  about  2J00  to 
3,000  feet,  although  owing  to  folds  and  faults  no  absolutely  reliable  esti- 
mates can  be  made ;  but  the  figures  obtained  are  not  discordant  with 
estimates  made  in  other  states. 

CHEMICAL  COMPOSITION 

Many  analyses*  of  this  limestone  have  been  made  by  the  New  Jersey 
Geological  Survey  at  various  times,  so  that  its  chemical  composition  i.s 
well  known.  Nearly  all  the  analyses,  which  are  of  specimens  from 
widely  scattered  localities  and  different  horizons,  contain  a  large  amount 
of  magnesia,  whence  the  name  magnesian  limestone,  applied  by  Doctor 
Cook.  Thirty-nine  analyses  showed  the  composition  to  vary  within  the 
following  limits : 

SiO,  (silicic  acid  and  quartz) l.Sto  15.0  per  cent. 

^^^»| O.fito    8.4percent. 

CaO 23.6  to  32.4  per  cent. 

MgO 14.6  to  21 .7  per  cent. 

In  the  upper  part  of  the  formation  a  few  thin  layers  of  a  purer  lime- 
stone, with  90  per  cent  or  more  of  carbonate  of  lime,  alternate  with  the 
dolomite. 

FAUNA  OF  THE  KITTATINNY  LIMESTONE 

The  calcareous  sandstones  forming  the  top  of  the  Hardiston  quartzite 
pass  insensibly  into  the  lower  arenaceous  limestone  of  the  Kittatinny 
formation,  but  the  Lower  Cambrian  fauna  of  the  quartzite  has  not  been 
recognized  in  the  Kittatinny  limestone.  The  age  of  the  beginning  of 
the  continuous  Hardiston-Kittatinny  sedimentation  may  be  definitely 
fixed  as  Tjower  Cambrian. 

♦An  the  analyses  were  usually  made  for  economic  purposen  the  better  layers  were  probably 
chosen  and  the  markedly  impure  shaly  or  sandy  layers  rejected. 
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In  the  midst  of  the  limestone,  fossils  have  been  found  in  but  four  locali- 
ties worthy  of  mention,  although  fragments  of  trilobites  and  brachiopods 
have  been  observed  elsewhere.  Just  north  of  Blairstown  a  thin  stratum 
was  found  containing  a  large  number  of  individuals  apparently  belong- 
ing to  but  two  species  of  trilobites.  No  entire  specimens  have  been  seen, 
both  species  being  represented  by  cranidia,  free  cheeks,  and  pygidia. 
Our  species  is  apparently  undescribed  and  is  probably  referable  to  the 
genus  Piychaparia.  The  other,  a  much  larger  one,  reseni\>ling  the  illus- 
tration of  Baihytirus  armatua,  Billings,^  but  without  the  occipital  spine, 
may  be  identified  as  Agrauloa  saratogenaia  Wale.  The  Upper  Cambrian 
age  of  the  bed  containing  these  two  trilobites  is  assured. 

In  O'Donnell  and  MacManniman's  quarry,  at  Newton,  a  fauna  of 
about  ten  species  of  brachiopods  and  trilobites  was  collected,  which  in- 
dicates theUpper  Cambrian  ageof  the  enclosing  sediments  at  that  locality. 
Among  the  trilobites,  a  species  of  Dikelocephaliia  is  by  far  the  most  abun- 
dant form,  some  fragments  of  which  are  of  such  a  size  as  to  indicate 
the  presence  of  individuals  having  a  breadth  of  head  of  several  inches. 
A  single  broken  cheek  was  found  which  seems  to  be  indistinguishable 
from  similar  specimens  in  the  Hardiston  quartzite  referred  to  the  genus 
Olenellus.  If  additional  specimens  should  confirm  this  identification) 
this  occurrence  of  the  two  genera,  OleneUna  and  i>tA;€/octfpWie«, .associated 
together,  would  be  U  notable  one. 

At  Carpentersville,  south  of  Phillipsburg,  in  one  of  the  outlying  areas 
of  the  Kittatinny  limestone,  Cambrian  trilobites  were  found,  and  the 
species  Liostracus  jeraeyensU  has  been  described  f  from  there,  although  it 
is  quite  probable  that  the  generic  reference  is  erroneous. 

In  the  railroad  cut  at  Columbia,  on  the  Delaware  branch  of  the  New 
York,  Susquehanna  and  Western  railroad,  a  very  different  fauna  was 
collected  from  a  bed  in  the  upper  portion  of  the  Kittatinny  limestone. 
On  the  hillside  above  the  cut,  the  overlying  Trenton  limestone  is  ex- 
pose<l,  so  that  this  fauna  must  occur  within  a  few  hundred  feet  of  the 
summit  of  the  formation.  The  fauna  consists  in  large  part  of  gastero- 
poda, and  the  following  preliminary  identifications  of  the  species  have 
been  made : 


1.  StpUrophia  Intfralis  Whitf.  ? 

2.  DalmamllaBp,  nndet. 

3.  PUUyceras  sp.  iindet. 

4.  Meloptoma  quebecensii  Bill.? 

5.  OphiUta  compUmcUa  Van.  ? 


6.  Ecculiomphalus  sp.  nndet. 

7.  Raphistoma  of.  R.  staminea  Hall. 

8.  Cyrtoceras  of.  C.  confertumimum  Whitf. 

9.  Asaphim  canalU  Con. 
10.  lUienurtis  sp.  undet. 


*Oeol.  Survey  Canada,  Pal.  Fobs.,  yoI.  1,  p.  411,  fig.  392. 

fGeoI.  Suryoy  N.  J.,  Ann.  Rept.  State  Geol.,  189ft,  p.  51,  pi,  1,  figs.  1-8. 
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Although  these  identifications  are  but  provisional,  the  whole  com- 
plexion of  the  fauna  is  recognized  as  Calciferous,  and  on  this  evidence 
there  can  be  no  hesitation  in  correlating  the  upper  portion  of  the  Kitta- 
tinny  limestone  with  the  Calciferous.  The  evidence  of  the  fossils  there- 
fore establishes  the  age  of  the  Kittatinny  limestone  as  including  a  part 
of  the  Lower  Cambrian,  the  Middle  and  Upper  Cambrian,  and  extend- 
ing into  the  Calciferous.  A  study  of  the  stratigraphy  seems  to  indicate 
that  there  was*no  break  in  the  sedimentation  during  this  long  period 
of  time. 

PREVIOVS  VIEWS 

Professor  Rogers*  included  both  the  Kittatinny  and  the  overlying 
Trenton  limestone  in  his  formation,  number  2,  of  the  Lower  Secondary 
rocks.  It  is  the  magnesian  or  blue  limestone  of  Professor  Cook^sf  re- 
ports, and  it  was  by  him  regarded  as  the  equivalent  of  the  Calciferous  of 
New  York.  Prime  J  concluded  that  the  Magnesian  limestones  found  in 
the  extension  of  the  Kittatinny  valley  into  Pennsylvania  *'  corres|>ond  in 
age  to  the  Calciferous  and  Chazy  epochs."  The  discoveries  by  Walcott.§ 
Dwight,||  and  Dana  of  Lower  Cambrian  fossils  in  the  lower  portions  of 
the  same  limestone  in  Pennsylvania  and  New  York  finally  leti  to  correct 
inferences  as  to  the  Cambrian  and  Lower  Ordovician  age  of  these  rocks 
in  New  Jersey.    Our  determinations  now  confirm  these  inferences. 

Trenton  Formation 

This  formation  consists  of  non-magnesian  limestones  and  calcareous 
shales,  with  a  local  calcareous  conglomerate  of  varying  thickness  at  its 
base. 

Basal  Conglomerate 

Resting  on  the  slightly  eroded  surface  of  the  Kittatinny  limestone 
there  is  a  basal  conglomerate  composed  of  pebbles  of  the  underlying 
magnesian  limestone  and  chert.  It  is  not  everywhere  present  in  equal 
development,  but  it  is  practically  coextensive  with  the  Trenton  limestone 
in  New  Jersey.  Where  observed  it  varies  considerably  in  character  and 
thickness.  It  is  sometimes  merely  a  thin  layer  of  small  well  rounded 
magnesian  limestone  pebbles  in  a  purer  limestone  matrix,  which  occa- 

*  Rogers  :  Loc.  cit. 
fCook  :  Loc.  clt.,  p.  90. 

X  Prime :  Pennsylvania  Second  Geol.  Survey,  D  3,  yol.  i,  p.  163. 
I  Walcott :  Loc.  cit.,  p.  3.1. 

I  Dwight :  Am.  Jour.  Sci.,  3d  Beries,  vol.  xxxi,  p.  12.'>  et  neq. ;  vol.  xxxiv,  p.  27  et  seq. ;  vol.  zxxviii, 
p.  139. 
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sionally  contains  Trenton  fossils.  It  is  sometimes  represented  only  by 
a  few  scattered  pebbles  in  the  lower  beds  of  the  Trenton  limestone. 
Elsewhere.it  may  be  30,  50,  or  even  100  feet  in  thickness,  and  the  water- 
worn  fragments  may  exceed  even  2  feet  in  diameter.  In  such  instances 
lenses  of  lime  '*  sandstone  "  occur  in  the  conglomerate,  together  with  thin 
layers  of  limestone  bearing  many  s^ments  of  crinoid  stems.  In  still 
other  localities  its  constituents  are  large  and  angular,  showing  evidence 
of  accumulation  by  waves  in  situ,  with  practically  no  transportation. 
On  the  weathered  surface  of  such  a  bed  the  outlines  of  the  fragments 
can  not  readily  be  seen,  and  it  is  not  easily  distinguished  from  a  jointed 
and  crushed  bed  of  the  Kittatinny  limestone.  Although  the  maximum 
observed  thickness  of  this  conglomerate  is  about  100  feet,  with  neither 
top  nor  base  exposed,  the  usual  thickness  is  only  a  few  feet. 

Good  exposures  are  found  (1)  three- fourths  of  a  mile  east  of  Branch- 
ville,  (2)  just  north  of  Newton,  (3)  at  the  northeast  end  of  Jenny  Jump 
mountain,  near  Southtown,  (4)  a  mile  east  and  southeast  of  Hope, 
(5)  along  the  road  one  and  a  half  miles  northeast  of  Hope,  and  (6)  along 
the  railroad  one-half  mile  north  of  Belvidere.  It  may  be  seen  also  at 
many  other  places  along  the  line  of  the  Trenton  outcrop,  which  usually 
forms  a  narrow  strip  between  the  overlying  slate  and  the  Kittatinny 
limestone. 

Walcott*  has  described  certain  conglomerates  in  the  Cambrian  lime- 
stones of  Pennsylvania  and  elsewhere,  which  he  has  called  intraforma- 
tional,  and  which  are  defined  as  conglomerates  **  formed  within  a  geologic 
formation  of  material  derived  from  and  deposited  within  that  formation." 
Discontinuous  beds  of  such  conglomerates,  some  of  a  brecciated  nature, 
have  been  observed  at  various  points  in  the  Kittatinny  limestone,  but 
the  beds  described  above  can  not  be  put  in  that  class  for  the  following 
reasons : 

First.  The  pebbles  are  limestone  and  chert,  from  the  underlying  dolo- 
mitic  formation,  which  is  not  known  to  contain  fossils  of  later  age  than 
the  Calciferous.  The  matrix,  on  the  contrary,  is  a  much  purer  lime- 
stone and  contains  Trenton  fossils  (though  not  abundantly),  and  the 
associated  limestone  layers  are  very  low  in  magnesia  and  contain  a  well 
marked  Trenton  fauna. 

Second.  The  conglomerate  rests  unconformably  on  the  underlying 
formation.  So  far  as  known  the  contact  is  exposed  only  at  the  Sarepta 
quarry,  3  miles  northeast  of  Belvidere,  where  the  conglomerate  beds 
are  not  strictly  conformable  to  the  underlying  layers,  but  dip  north- 
westward at  a  slightly  greater  angle.    The  contact,  although  not  sharply 

♦  Bulletin  134,  U.  8.  Geol.  Survey,  pp.  34-4Q. 
XXIII— BoLi..  Gioi^  Soc.  Am.,  Vol.  12,  1900 
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marked,  is  distinctly  oblique  to  the  underlying  beds.  The  fragments 
in  the  lower  layers  of  the  conglomerate  are  coarse  and  angular,  sur- 
rounded by  a  matrix  of  smaller  fragments  of  the  same  sort,  and  have 
evidently  undergone  but  little  transportation  and  sorting.  In  the  upper 
beds  the  fragments  are  smaller,  better  rounded,  and  the  matrix  carries 
crinoid  stems  and  other  obscure  fossils.  Above  the  conglomerate  is 
found  the  typical  Trenton  limestone,  through  which  are  scattered  occa- 
sional Kittatinny  limestone  pebbles.  In  other  localities  the  dips  of 
closely  adjoining  beds  of  Trenton  and  Kittatinny  formations  are  not 
more  discordant  than  might  be  expected  in  conformable  formations 
which  have  been  more  or  less  closely  folded. 

Trenton  Limestone 
cha  ra  cter  a  nd  thickness 

The  Trenton  limestone  proper  rests  either  directly  on  the  Kittatinny 
limestone  or  on  the  basal  conglomerate.  It  is  a  dark  blue  or  black, 
non-magnesian  limestone,  in  massive  beds,  generally  weathering  into 
thin,  knotty,  irregular  layers,  a  few  of  which  are  minutely  crystalline. 
Some  of  these  layers  contain  as  high  as  95  per  cent  carbonate  of  lime. 
Intercalated  with  the  purer  limestones  are  more  shaly  beds,  and  the 
whole  formation  grades  into  the  overlying  clayey,  micaceous,  slate,  and  * 
sandstone  formation  through  a  series  of  calcareous  shales,  which  are 
sparingly  fossiliferous  and  commonly  concealed  by  glacial  drift  or  wash 
from  the  harder  and  topographically  higher  layers.  It  is  this  calcareous 
shale  which  forms  the  **  cement  rock  "  of  the  Liehigh  and  Phillipsburg 
Portland  Cement  regions.  These  calcareous  shales,  with  the  occasional 
thin  bands  of  limestone  which  occur  in  them,  are  classed  with  the  un- 
derlying fossiliferous  limestones,  rather  than  with  the  overlying  ai^Ua- 
ceous  slates,  although  there  is  no  sharp  line  of  demarkation  between 
them. 

In  the  northern  and  central  part  of  the  Kittatinny  valley  the  thick- 
ness of  the  Trenton  is  about  135  feet,  but  it  increases  toward  the  south- 
west, being  300  feet  or  more  near  the  Delaware  and  apparently  something 
more  than  that  in  the  Lehigh  region,  Pennsylvania.  The  increase  in 
thickness  is  due  apparently  to  the  increase  in  the  thickness  of  the  cal- 
careous shales,  the  cement  rock  at  the  top,  rather  than  of  the  purer, 
massive,  fossiliferous  limestones  below. 

CHEMICAL  COMPOSITION 

The  Trenton  limestones  are  not  magnesian,  as  is  the  great  mass  of  the 
Kittatinny  formation.     The  purest  layers  contain  52  to  55  per  cent  of 
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lime  (CaO)  (out  of  a  possible  56  per  cent),  less  than  0.5  per  cent  of  map;- 
nesia  (MgO),  less  than  1  per  cent  of  iron  and  alumina,  and  1  to  2  per 
cent  of  silica  and  other  insoluble  matter.  The  less  pure  limestones  con- 
tain larger  amounts  of  silica  and  of  iron  and  alumina,  a  part  of  the  silica 
being  probably  due  to  the  presence  of  sand. 

In  the  transition  to  the  overlying  Hudson  River  series,  beds  of  exceed- 
ingly variable  chemical  composition  may  be  found.  The  composition 
of  the  calcareous  shales,  so  widely  used  for  the  manufacture  of  Portland 
cement,  is  approximately  as  follows : 

SiO, 10.2  to  20.5  per  cent. 

^'»?»l 5.4to   7.9percent 

Fe,0,i 

CaO 39.7  to  44.8  percent. 

MgO 0.4  to    1.4  per  cent. 

Trenton  Faunas  in  New  Jersey 
the  fa  una l  succession 

• 

Several  distinct  faunal  zones  have  been  recognized  in  this  formation. 
Its  outcrops,  however,  are  so  isolated  and  are  usually  so  fully  covered 
with  debris  that  fossils  can  be  collected  only  from  loose  fragments  of  the 
limestone  on  the  surface.  It  is  also  rare  to  find  more  than  a  single 
fiiunal  zone  in  any  one  outcrop..  Under  these  circumstances  the  deter- 
mination of  the  exact  succession  of  the  faunal  zones  is  a  problem  of 
some  difficulty.  The  investigation  of  the  succession  of  these  zones  has 
been  only  just  begun,  and  further  study  will  undoubtedly  add  much  to 
the  results  which  can  be  announced  at  the  present  time.  Enough  has 
been  determined,  however,  to  suggest  a  general  correlation  between  the 
Trenton  formation  as  it  occurs  in  New  Jersey  and  New  York. 

The  lowest  definite  horizon  in  the  Trenton  at  which  fossils  have  been 
found  occurs  at  a  localitv  a  little  over  two  miles  southeast  of  Newton.* 
The  basal  conglomerate  is  but  slightly  developed,  or  is  wanting  at  this 
locality,  and  in  a  bed  lying  but  a  few  feet  from  the  Kittatinny  limestone 
the  following  fossils  were  collected  : 

1.  StrepUla8maprofunda(H..).  6.  Bumaslus  trerUonetisU  (Emm.), 

2.  Strophomena  incurvcUa  (Shep.).  7.  Caltfmmeiie  senaria  Con. 

3.  Ctenodonta  ntuuia  {U..).  8.  A rges  f  9p,  nndet. 

4.  Hormotoma  gracilis  {H.).  9.  LeperdUvafahtdites  {Con.), 

5.  Orthoceras  sp.  nndet. 

*The  exact  locality  is  on  the  northwest  slope  of  the  663-foot  hill,  about  three-fourths  of  a  mile 
north  of  the  southwestern  end  of  IlitTs  pond.    Sheet  1,  New  Jersey  Topographical  Atlas. 
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Leperditia  fahuliiesj  a  Black  River  species  of  ostracode,  is  the  most 
abundant  form,  occurring  in  great  numbers,  almost  to  the  exclusion  of 
the  other  species.  The  complexion  of  the  fauna,  as  a  whole,  is  Black 
River,  although  none  of  the  species  are  typically  restricted  to  that 
horizon. 

On  the  same  hillside,  lying  stratigraphically  25  or  more  feet  above  the 
Leperditia  hqrizon,  but  below  it  topographically,  there  is  quite  a  different 
faunal  zone  with  Parastrophia  hemiplicala  (Hall).  This  Paraatrophia 
zone  also  occurs  in  an  outcrop  just  north  of  Drake's  pond,  east  of  New- 
ton, where  the  fauna  is  much  better  represented,  and  the  following 
species  were  collected. : 

1.  Columnaria  sp.  8.  Plaiytirophia  biforata  (Schl.). 

2.  Linffuiasma  sp.  9.  Paraslrophia  hemiplieata  (Hall). 

3.  PUctamboniUt  iericefis  {Soyir.).  10.  Pterygomdopus  caUicephedus  {Ha\\), 

4.  Slrophomena  incurvata  (Shep.).  11.  Bumcuttts  irentonerms  (Emm.). 

5.  Orihit  tricenaria  (Con.).  12.  liotduB  gigas  (De  Kay). 

6.  DinortMs pedinella  (Emm,),  13.  PUUynietopus  irentonerms  (HaA\), 

7.  Dalmandla  tesludinaria  (Ds\,)  vtLT, 

• 

In  his  study  of  the  Trenton  faunas  in  New  York,  White  *  has  found 
a  Parastrophia  zone  to  be  quite  constantly  present  at  the  top  of  the 
Black  River  horizon,  and  it  is  possible  that  the  Parastrophia  zone  in 
New  Jersey  is  a  southern  continuation  of  the  same  zone  as  it  occurs  in 
New  York.  Too  much  dependence,  however,  should  not  be  placed  upon 
the  occurrence  of  Parastrophia  hemiplieata,  for  the  same  species  is  known 
to  occur  even  as  high  up  as  the  Lorraine.  Orthis  tricenaria  and  Dinar- 
this  peclinella,  however,  which  occur  in  the  fauna,  are  characteristically 
low  Trenton  forms,  and  Ooltimnaria  is  usually  considered  as  being  typical 
of  the  Black  River  horizon. 

Another  faunal  zone  in  the  Trenton  of  New  Jersey,  which  is  appar- 
ently widespread,  is  characterized  by  a  species  of  Receptaculitea,  prob- 
ably R,  occidentalis  Salt.  Because  of  the  isolated  nature  of  the  outcrops, 
this  Receptaculites  zone  has  never  been  noticed  in  close  association 
with  any  other  zone,  so  that  its  exact  position  has  not  yet  been  definitely 
fixed,  although  it  has  been  observed  at  many  different  localities.  It  is 
certainly  in  the  lower  portion  of  the  formation  and  is  probably  beneath 
the  Parastrophia  zone.  Streptelasma  profunda  and  Columnaria  usually 
occur  associated  with  the  Receptaculites, 

The  most  prolific  Trenton  fauna  in  New  Jersey,  so  far  as  observeil, 
occurs  on  the  summit  of  the  hill  northwest  of  Jacksonburg,  a  ^mall 
village  near  Blairstown.    This  fauna  occupies  the  highest  position  in 

♦  Rep.  of  Director  N.  Y.  State  Mua.,  1900,  p.  28. 
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the  formation  of  any  yet  noticed  in  New  Jersey,  and  contains,  in  part, 
the  following  species : 


1 .  Hindia  purva  ( Ul. ).  25. 

2.  Strepielasma  profunda  ( H . )  •  26. 

3.  OrlncuUndea  lanuUota  (H.).  27. 

4.  Schixocrania  fiUma  (H.).  28. 

5.  DalmaneUa  UMudinaria  (Dal.)  var.       29. 
^Pleclan^nUes8ericeus{Hoyf.),  30. 

7.  DinorthU  pedineUa  (Emm.).  31. 

8.  StrapfiOTnena  incurvata  (Shep.).  32. 

9.  RaftnesguinaallerncUa  {'Emm.),  33. 

10.  Rhynchoneiia  inaquivalvig  (Castel.).      34. 

11.  Rhynchoirema  denUUa  (H.).  35. 

12.  ZygoKpira  recurviroHris  {H.,),  36. 

13.  Cufieamya  truncatula  (Ul.).  37. 

14.  WhiUUa  veniricoia  (H.).  38. 

15.  Ctenodonta  nasula  (H.).  39. 

16.  Qhmocionto  nitu/a  (Ul.)  ?  40. 

17.  CUnodanta  levaia  (H.).  41. 

18.  CZidaphorus  neglecius  (U.).  42. 

19.  AUodesma  mibeUipiicum  (Ul.)  ?  43. 

20.  Modiolop9i»  Jaha  (Con.).  44. 

2 1 .  Bucania  puncHfrons  Emm .  45. 

22.  Tdranola  Indormta  {H,),  46. 

23.  ProUmaHhia  caruiellcUa  (H.).  47. 

24.  ConradeUa  compresttus  (Con. )  ? 


Archinacella  paUUiformis  (H.). 
Liotpira  mbtilUlricUa  (H.) 
Ecq/liomphalus  trenionemU  (H.). 
Ecqfliomphalus  contigutu  Ul.  ? 
Holopea  obliqua  H.  ? 
Holopea  supraplana  U.  and  S.  ? 
Holopea  symmetrica  H. 
LopJiospira  obliqua  UK 
HormoU/ma  gracilis  (H.). 
Pteroiheca  expansa  (Emm.) ? 
Contiiaria  trerUoncnsis  H. 
Harpina  oUawensis  (Bill.). 
7Wnuc2eu<  concentricus  (Eaton). 
Bronteus  lunaiu^  Bill. 
DalmaneUa  achates  Bill. 
Pterygomdopus  caUicephalus  (H.)* 
PrcdiU  sp.  cf.  P.  jwimuscu^M*  H. 
Bumastus  trenUmerms  (Emm.). 
Calymmene  senaria  Con. 
Jsotelus  gig<u  De  Kay. 
C^raunt*  pleurexarUhemus  Green. 
PUUymetopfis  trentonensis  (H.). 
Odontopleura  parvula  (Wale). 


This  fauna  is  apparently  a  well  defined,  typical  Trenton  fauna,  and 
probably  should  be  referred  to  about  the  middle  Trenton. 

CORRELATION  WITH  NSW  YORK  TRENTON 

From  the  paleontologic  evidence  at  hand,  it  can  be  quite  definitely 
stated  that  the  Trenton  limestone  in  New  Jersey  represents  the  lower 
portion  of  the  Trenton  limestone  of  New  York,  including  the  Black  River 
limestone,  which  is  in  reality  nothing  more  than  the  basal  portion  of  the 
Trenton.  It  is  probable,  also,  that  it  does  not  represent  the  entire  Tren- 
ton limestone  as  that  formation  occurs  in  its  typical  area  in  New  York, 
but  that  the  conditions  for  the  deposition  of  the  overlying  shales  and 
sandstone,  which  we  call  the  Hudson  River  formation,  were  initiated 
earlier  in  this  region  than  in  the  typical  Trenton  area. 

PREVIOUS  VIEWS 

The  Trenton  age  of  the  upper  portion  of  the  great  limestone  formation 
was  recognized  by  Cook*  and  termed  by  him  the  fossiliferous  limestone. 


*  Cook,  loc.  cit.,  p.  131. 
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The  determination  of  its  age  was  in  fact  the  basis  on  which  the  mag- 
nesian  limestone  and  the  "  Potsdam  '^  sandstone  were  referred  to  their 
respective  horizons.  Foerste's*  later  observations  confirmed  the  cor- 
rectness of  the  earlier  determinations.  Rogers  observed  the  basal  con- 
glomerate as  early  as  1855,  at  a  point  where  it  had  been  faalted  against 
the  crystallines.  Brief  mention  of  it  has  occasionally  been  made  in  the 
Geological  Reports  of  the  state  geologist  of  New  Jersey,  but  its  strati- 
graphical  importance  has  not  previously  been  recognized. 

Stkucture 
folds  and  fa  ults 

In  the  Kittatinny  valley  the  rocks  lie  in  several  large  open  folds,  the 
three  rnain  limestone  areas  forming  anticlines,  and  the  slate  belts  between 
them  synclines,  with  axes  trending  northeasterly.  Although  in  general 
the  structure  is  thus  very  simple,  in  detail  it  is  much  more  complex. 
Minor  folds  occur  within  the  larger  ones,  more  commonly  in  the  over- 
lying slate  than  in  the  limestone.  These  are  frequently  closely  com- 
pressed, and  vary  in  radius  from  a  few  feet  to  several  rods,  or  even  half 
a  mile.  The  dips  are  usually  steeper  on  the  southeastern  flank  of  the 
folds  than  on  the  northwestern,  so  that  the  axial  planes  must  dip  steeply 
to  the  northwest. 

« 

Thrust  faults  occur  on  the  flanks  of  the  folds  in  a  number  of  cases, 
cutting  out  the  narrow  outcrop  of  Trenton  limestone.  The  slate  belt  east 
of  Newton  is  but  half  a  syncline  in  its  northern  part,  the  westward  half 
having  been  faulted  ofi*.  The  anticline  of  Kittatinny  limestone  along 
the  Paulinskill  has  been  faulted  along  its  crest  in  such  a  way  as  to  pre* 
serve  a  narrow  strip  of  the  Trenton  limestone  and  conglomerate  in  the 
midst  of  the  older  formation. 

West  of  Jenny  Jump  mountain — a  huge  island  of  gneiss  in  the  midst 
of  the  Paleozoics,  forming  a  detached  portion  of  the  highlands  within 
the  valley — faulting  seems  to  have  been  more  severe  than  elsewhere.  A 
fracture  along  the  western  side  of  the  mountain  brings  the  Kittatinny 
and  the  Trenton  limestones,  as  well  as  the  Hudson  River  slate,  succes- 
sively against  the  gneiss.  Elsewhere  several  small  areas  of  the  Kittatinny 
limestone  are  surrounded  by  the  shale,  and  apparently  rest  on  it,  their 
position  being  probably  due  to  thrust  faults  of  considerable  extent  At 
other  points,  also,  the  shale  has  been  undoubtedly  shoved  over  on  the 
limestone.  The  fault  planes  are  rarely  exposed,  and  in  many  instances 
the  direction  and  amount  of  the  hade  can  not  be  determined.  In  the  few 
cases  observed  northwest  hades  are  more  common  than  any  other. 

•  Foerste,  loc.  cit. 
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In  the  inter-highland  valleys,  as  was  long  since  pointed  out  by  Doctor 
Cook  *  the  folds  are  more  compressed  and  are  frequently  overturned  on 
the  southeastern  flank.  In  fact,  so  complex  is  the  structure  through 
close  folding  and  faulting  that  it  is  next  to  impossible  to  work  out  the 
details.  Still  further  to  the  southeast,  along  the  border  of  the  highlands, 
the  exposures  of  the  Paleozoic  rocks  are  generally  very  meager  and  the 
structure  complex.  In  a  railroad  cut  near  Clinton  eighteen  faults  in 
the  Hudson  River  slate  were  noted  in  a  space  of  one  hundred  yards. 
They  were  at  all  angles,  from  nearly  vertical  planes  to  nearly  horizontal 
thrusts. 

CLBAYAOE 

The  more  massive  beds  of  the  Kittatinny  limestone  show  no  signs  of 
cleavage  and  usually  no  indications  of  shearing.  Some  of  the  thinner 
layers  are  obscurely  cleaved,  the  cleavage  planes  usually  dipping  south- 
eastward. The  thin  partings  of  shale  which  so  frequently  occur  in  some 
parts  of  the  formation  are  very  commonly  sheared,  showing  that  in  the 
folding  the  layers  slid  past  each  other  along  their  bedding  planes. 

The  Trenton  beds  commonly  show  signs  of  shearing,  even  in  the  more 
massive  layers.  The  shear  planes  usually  dip  steeply  to  the  southeast. 
In  many  cases  the  fossils  are  distorted,  and  a  marked  fissility  has  been 
developed. 

The  Hudson  River  formation  is  usually  everywhere  so  strongly  cleaved, 
except  in  the  case  of  the  heavy  sandstone  layers,  that  the  bedding  is  not 
readily  distinguishable.  Although  the  dip  of  the  cleavage  planes  is  most 
connnonly  to  the  southeast  and  crosses  the  bedding  planes  at  constantly 
varying  angles,  yet  this  is  not  always  the  case.  The  cleavage  is  some- 
times nearly  horizontal  and  not  infrequently  to  the  northwest.  In  some 
exposures  it  is  curved.  Since  the  study  of  the  Hudson  River  slates  is 
far  from  complete,  it  is  not  possible  to  say  whether  there  has  been  a  con- 
tinuation of  the  folding  since  the  cleavage  was  formed,  whereby  the  planes 
of  cleavage  have  taken  different  attitudes,  or  whether  in  the  folding  the 
pressure  was  transmitted  in  such  different  directions  that  the  cleavage 
was  developed  in  planes  at  various  angles  and  directions  of  dip. 

Conditions  of  Sedimentation 

The  Hardiston  quartzite  indicates  shore  conditions  near  at  hand.  The 
varying  lithological  character  of  the  formation,  as  well  as  its  great  range 
in  thickness,  often  apparently  within  narrow  geographical  limits,indicates 
a  wide  range  of  conditions,  such  as  would  only  prevail  close  to  shore. 

•  Geology  of  New  Jersey,  1868. 
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Th«  greater  thickness  of  the  formation  at  its  southeastward  exposures, 
as  compared  with  the  westward  outcrops,  points  to  the  existence  of  land 
to  the  southeast  of  the  present  highlands,  conclusions  which  are  in 
accord  with  those  of  workers  in  Pennsylvania  and  farther  south. 

During  the  formation  of  the  Kittatinny  limestones  the  waters  were  not 
deep,  as  wave  marks  occur  at  various  horjzons.  The  thin  partings  of 
shale  or  of  sandstone  in  the  limestone  show  that  at  intervals  land  de- 
rived mechanical  sediments  were  present  in  sufficient  amount  to  inter- 
rupt the  formation  of  the  dolomite ;  but  in  general  the  sea  was  remark- 
ably free  from  sediment.  The  limestone  exposed  within  the  highlands 
or  along  their  southeastern  flank  do  not  in  themselves  show  a  greater 
proximity  to  a  shore  than  do  those  of  Kittatinny  valley,  20  miles  or  more 
to  the  northwest,  and  therefore  that  distance  farther  from  the  shoreline 
of  that  period.  During  this  time  the  shore  must  have  lain  far  east  of  its 
position  during  the  formation  of  the  Hardiston  quartzite  and  a  consider- 
able distance  east  of  the  borders  of  New  Jersey.  In  this,  also,  our  studies 
are  in  accord  with  the  conclusions  of  those  who  have  studied  these  lime- 
stones farther  south. 

During  the  later  stages  of  this  period  changes  in  the  sea  began,  in 
consequence  of  which  non-magnesian  limestones  alternated  in  deposi- 
tion with  the  dolomites.  Leslie  *  has  shown  that  in  southeastern  Penn- 
sylvania dolomitic  and  non-dolomitic  beds  alternate  in  sharply  differ- 
entiated layers  in  the  lower  middle  of  the  formation,  due,  he  thinks,  to 
alternating  conditions  of  deposition ;  but  there  is  nothing  in  the  analyses 
of  the  New  Jersey  limestones  to  indicate  that  the  changes  began  as  early 
as  in  Pennsylvania. 

The  Trenton  conglomerate  and  the  slight  unconformity  between  it 
and  the  Kittatinny  limestone  indicate  an  uplift  of  the  sea  bottom, 
erosion,  and  the  prevalence  of  shore  conditions  in  northern  New  Jersey 
and  the  neighboring  region  to  the  north.  Our  own  studies  have  not 
extended  north  of  New  Jersey,  but  the  occurrence  of  the  Trenton  con- 
glomerate in  southeastern  New  York  is  clear  from  the  studies  of  others. 

An  exposure  of  it  two  and  a  half  miles  north  of  Newburg,  New  York, 
is  pictured  by  Ries,t  although  he  does  not  mention  it  in  his  text.  Con- 
cerning this  outcrop  Mr  Gilbert  Van  Ingen,  who  took  the  photograph, 
writes :  J 

"The  rock  shown  in  the  picture  is  a  dark,  impure  limestone  with  many  pebbles 
of  the  dolomitic  lower  Ordovician  limestone.  .  .  .  The  pebbles  in  the  lime- 
atone  are  sometimes  three  inches  in  diameter.'' 


♦  Second  Pennfylvanift  Survey,  M.  M.,  pp.  3t>(»,  3fil. 

t  Report  of  the  State  (ieologist  of  New  York,  1890,  report  on  Orange  county,  pi.  xxxi, 

X  PerHonnl  letters  to  the  authorn. 
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Mr  Van  Ingen  also  reports  outcrops  of  the  conglomerate  on  the  Jay- 
cox  farm,  just  north  of  Wappinger's  falls.    He  says : 

"A|^in8t  this  cliff  (of  dolomitic  limestone)  the  Trenton  was  deposited.  The 
line  of  contact  is  quite  plainly  seen  and  is  rather  irregular,  with  undercut  projec- 
tions. .  .  .  The  limestone  here  is  partly  a  conglomerate  of  the  dolomite  peb- 
bles and  partly  clear  of  these.  .  .  .  The  peculiar  feature  of  this  locality  is  that 
the  pebbles  are  not  restricted  to  the  lower  layers,  but  occur  at  two  or  more  levels, 
the  intervening  layers  being  either  non- fossil iferous,  dark,  impure  limestone  or 
filled  with  the  Solenopora.  The  true  base  of  the  limestone  cannot  be  seen  here« 
eo  that  I  was  unable  to  determine  whether  it  is  conglomeratic  or  not.  The  peb- 
bles are  often  large — five  inches.** 

Dwight*  also  mentions  a  locality  in  the  Wappinger  valley,  2  miles 
southeast  of  Pleasant  valley  and  15  miles  north  of  the  above-mentioned 
locality,  where  the  rock  is  "  filled  with  limestone  pebbles  of  various 
sizes  and  lighter  in  color  than  the  mass,"  He  states  that  many  of  these 
may  have  been  organic,  although  no  organic  structure  was  visible.  His 
words,  however,  describe  exactly  an  exposure  of  the  Trenton  conglom- 
erate. The  occurrence  of  the  conglomerate  in  Orange  and  Dutchess 
counties,  New  York,  seems  certain . 

Although  the  conglomerate  occurs  beyond  the  limits  of  New  Jersey 
to  the  northeast,  it  is,  so  far  as  our  own  brief  observations  and  the  writ- 
ings of  others  go,absent  to  thesouthwest.  In  Pennsylvania  and  southward 
the  Trenton  beds  follow  those  containing  Calciferous  and  Chazy  fossils 
with  apparently  no  break  in  sedimentation.  The  region  chiefly  affected 
by  the  uplift,  so  far  as  data  in  hand  show,  was  small  as  compared  to 
the  great  extent  of  the  Kittatinny  limestone,  and  the  movement  gave 
rise,  perhaps,  to  only  a  series  of  low,  rocky  islands  and  reefs,  against 
which  the  waves  beat  and  about  which  the  conglomerate  was  formed  ; 
but  the  profound  life  change  at  this  horizon,  wherever  the  rocks  of  this 
age  are  exposed,  even  though  the  conglomerate  and  accompanying 
unconformity  be  not  fouiui,  indicates  something  more  than  a  local  dis- 
turbance. The  break  in  the  record  was  long  enough  for  the  incursion 
of  an  abundant  fauna  of  very  different  facies  from  that  previously  occu- 
pying the  sea. 

The  passage  from  the  Trenton  limestone  into  the  overlying  shale  and 
slate  was  due  to  changes  prevailing  along  the  entire  A  ppalachian  valley — 
changes  which  Mr  Weller's  faunal  studies  show  were  inaugurated  in  New 
Jersey  earlier  than  in  the  typical  Trenton  area  in  New  York. 

Date  of  Folding  and  Faulting 
So  far  as  observed,  there  are  in  New  Jersey  no  data  showing  absolutely 
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the  date  of  the  folding  of  these  rocks.  Slight  unconformity  between  the 
Oneida  conglomerate  (Shawangunk  grit)  and  the  Hudson  River  shale  is 
shown  in  the  railroad  cut  at  Otisville,  New  York,  a  few  miles  north  of  the 
New  Jersey  state  line.  This  may  mean  that  some  folding  took  place  at 
the  close  of  the  Ordovician.  The  greater  disturbance,  however,  was  un- 
doubtedly at  the  close  of  the  Paleozoic.  Southeast  of  the  highlands  the 
Triassic  rocks  rest  in  part  upon  the  eroded  edges  of  these  early  Paleo- 
zoic formations.  The  profound  faults  of  the  former  undoubtedly  affect, 
in  some  instances,  the  underlying  Paleozoics,  but  most  of  the  faults  in  the 
Paleozoics  along  the  borders  of  the  Trias  do  not  enter  the  latter,  and  are, 
therefore,  older.  If  there  was  any  disturbance  in  the  Kittatinny  Valley 
region  during  the  Trias  faulting,  we  have  not  been  able  to  differentiate 
it  from  the  earlier  movements. 
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IX)OATION   AND   GEOLOGICAL   RELATIONS     • 

Concretions  of  various  kinds  are  abundant  in  several  formations  in 
the  Great  Plains  region,  and  their  prominence  is  so  marked  that  facts 
which  throw  light  on  their  origin  are  greatly  to  be  desired.  Recently 
there  has  been  discovered  in  one  of  the  Tertiary  formations  an  exposure 
which  exhibits  in  a  most  instructive  manner  the  development  of  con- 
cretions by  evident  crystallization,  which  it  is  the  purpose  of  this  paper 
to  describe. 

The  Tertiary  of  the  Great  Plains  region  comprises  the  White  River 
group  of  the  Bad  lands,  mainly  of  Oligocene  age,  and  a  great  series  of 
deposits  which  originally  were  included  under  the  term  Loup  Fork. 
The  greater  portion  of  this  series,  extending  through  Nebraska  into  South 
Dakota,  has  been  separated  by  Darton  under  the  designation  of  Arikaree 
formation.  It  is  believed  to  be  of  Miocene  age.  This  formation  consists 
mainly  of  sand  which  locally  is  consolidated  more  or  less,  but  is  in  part 
loose  and  incoherent.     The  isolated  portions  give  rise  to  many  of  the 

*  Acknowledgments  are  due  to  the  Honorable  Charles  H.  Morrill,  whose  generosity  made  this 
inventigation  posnible. 
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buttes  which  are  so  prominent  in  southern  South  Dakota,  northern  and 
western  Nebraska,  and  eastern  Wyoming. 

Mode  of  Occurrence 

The  formation  is  characterized  by  an  abundance  of  concretions  gen- 
erally having  the  form  of  horizontal  cylipdrical  masses  which  project 
from  the  walls  of  the  buttes  like  guns  from  a  fortress,  and  also  by  the 
occurrence  in  its  upper  member  of  numerous  rootlets  and  vegeta,!  fibers- 
There  are  concretions,  as  round  as  cannon  balls,  often  scattered  thickly 
over  many  acres  of  ground.  These,  however,  usually  pass  into  great 
aggregates  of  cylindrical  form  called  pipes. 

It  is  interesting  to  note  the  occurrence  of  every  condition  and  every 
possible  gradation  from  solitary  spherical  concretions  to  strings  of  partly 
united  concretions,  then  to  pipes,  which  we  shall  consider  as  made  up 
of  lan  infinite  series  of  spherical  concretions.     Wind  and  rain  supple- 
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ment  each  other  in  exposing  considerable  tracts  of  these  concretions, 
and,  in  the  case  of  the  compound  ones,  which  are  sufficiently  lithified 
to  withstand  long  weathering,  the  exposure  simulates  the  planed  and 
deeply  grooved  surface  of  a  glaciated  region. 

Physical  Characters  of  the  Concretions 

The  individual  pipes  vary  in  size  from  a  hand  specimen  to  those  ex- 
ceeding a  hundred  yards  or  more  in  length,  and  from  the  simple  to  the 
compound  pipes.  When  weathered  out,  these  impart  to  the  landscape 
a  singularly  ragged  and  fantastic  appearance  even  surpassing  the  weird 
etfects  produced  by  the  erosion  figures  known  as  "  hoodoos.'' 

An  exposure  of  the  ordinary  spherical  type,  if  scrutinized,  reveals  the 
fact  that  many  or  all  of  the  concretions  are  obscurely  or  distinctly  radiate 
like  radiate  calcite.  This  is  but  the  visible  evidence  of  some  internal 
molecular  or  crystalline  arrangement.  Even  the  loose  and  less  coherent 
matrix  reveals,  under  the  action  of  wind  and  rain,  an  ill-defined,  though 
unmistakably  radiate,  or  rosetted  structure.  This  effect  is  crystallo- 
graphic,  and  is  due,  as  is  shown  by  inspection,  solely  to  the  calcium  car- 
bonate cement.    At  some  stage  of  development  th^  sands  were  evidently 
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saturated  with  lime  salts,  which  crystallized  according  to  the  laws  gov- 
erning calcite  as  far  as  interference  on  the  part  of  the  sand  grains  would 
allow,  and  in  so  doing  cemented  together  the  grains  into  concretions  or 
pipes  and  into  compound  pipes,  making  fairly  solid  rock  of  local  extent. 
A  general  view  of  radiate  concretions,  as  well  as  concretionary  pipes, 
may  be  had  in  plate  14,  figures  1  and  2.  The  evolution  of  the  radiate 
concretion  from  the  single  sand  crystal  is  shoWn  in  plate  15,  figure  2. 
Plate  16  shows  the  surface  and  inner  structure  of  several  radiate  concre- 
tions, figure  1  showing  the  surface  and  figure  2  the  structure  of  a  coarse 
specimen;  figures  3  and  4  nhowing  the  surface  and  interior  structure  of 
a  finer  form  concreted  around  large  ])ebbles.  Figure  6  is  an  end  view, 
showing  the  radiate  structure  of  the  coral-like  pipe  seen  in  figure  2, 
plate  14.  Figures  6,  7,  and  8  are  small  radiate  concretions  from  Sioux 
county,  Nebraska. 

Material  from  Devil  Hill  Region 

But  the  most  important  light  on  this  kind  of  development  is  given  by 
the  strata  containing  the  sand  crystals,  or  concretion  crystals,  as  the 
writer  first  named  them  in  1893,  in  the  south-central  portion  of  South 
Dakota.  Following  the  unbroken,  sandy  Arikaree  north  into  South 
Dakota,  one  soon  finds  it  cut  into  ridges  and  solitary  buttes,  and  disap- 
pearing altogether  within  about  20  miles  of  the  White  river,  one  of  the 
northernmost  remnants  being  Devil  hill,  situated  between  Potato  creek 
and  Corn  creek.  Here,  at  an  altitude  of  3,600  feet  (by  barometer),  on  a 
lofty,  isolated  hill  of  White  River  clay,  rests  a  thin  Arikaree  cap.  The 
place  bristles  with  grotesque  erosion  figures,  ragged  concretions,  and 
pipes,  together  with  loose  sand  and  countless  sand  crystals  so  geometric 
in  design  as  to  attract  the  notice  of  the  early  Indians,  who  considered 
them  supernaturally  wrought  for  their  destruction.  Mingling  our  super- 
stitions with  theirs,  they  called  the  place  Devil  hill,  a  spot  still  viewed 
with  unnatural  dread  and  discreetly  avoided. 

The  region  is  distant  from  railroads,  and  the  collector  who  would  visit 
this  spot  must  plan  for  a  trip,  by  team,  of  3  or  4  days.  Ranches  owned 
by  Indians  are  some  20  to  25  miles  apart,  but  all  necessary  com  forts  and 
some  luxuries  can  be  secured  in  these  Indian  homes  at  a  very  reason- 
able rate,  and  the  trip  may  be  made  with  comfort.  A  guide  is  necessary, 
as  the  locality  is  remote,  and  it  is  often  difficult  to  obtain  satisfactory 
information  from  the  natives. 

The  unique  sand-lime  crystals  found  exclusively  in  this  spot,  as  far  as 
known,  are  hexagonal  barrel-shaped  forms  with  rounded  terminations. 
These  were  first  made  known  to  the  writer  in  1893  by  the  Reverend  R.  T- 
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Cross,  of  York,  who  had  received  them,  without  datu,  from  Doaiie  col- 
lege, Crete,  Nebraska.  Drawings  were  made  of  the  groups,  and  the  matter 
waa  presented  the  same  year  to  the  Nebraska  Academy  of  Science, 
Although  diligent  inquiry  was  made,  nothing  could  be  learned  of  their 
locality  until  the  Reverend  J.  M.  Bates,  of  Long  Pine,  informed  the  writer 
of  the  exact  spot,  which  was  visited  as  promptly  as  possible.  The  place 
was  studied,  a  large  ahiount  of  representative  material  collected,  and 
photographs  secured. 

The  mode  of  occurrence  of  these  crystals  seems  most  unusual  and  re- 
markable. In  a  bed  of  sand  scarcely  3  feet  thick,  and  so  soft  as  to  re- 
semble the  sand  of  the  senshore,  occur  these  crystals  in  numbers  which 
can  best  be  figured  in  tons.  We  dug  them  out  with  our  bare  hands. 
They  weremostly  single  crystals,  with  numerous  doublets,  triplets,  quad- 
ruplets, and  multiplets.  In  other  words,  every  form  from  solitary  crys- 
tals to  crowded  bunches  and  perfect  radiating  concretions  was  obtained. 


Kk.itik  2.-^11^  R><ck  at  Drrit  Hill,  Sticlli  Ditkoln. 

It  was  a  matter  of  especial  interest  in  the  Held  to  note  that  at  the 
bottom  of  the  layer  the  bulk  of  these  sand-lime  crystals  are  solitary ;  one 
foot  higher  there  is  an  evident  doubling  of  the  crystals,  until  within 
anotherfootthey  are  in  loosely  crowded  clusters;  a  little  higher  in  closely 
crowded  continuous  clusters,  pried  out  in  blocks  with  difficulty;  slill 
higher  they  occur  in  closely  crowded  concretions  in  contact  with  one 
another,  making  nearly  solid  rock.  A  little  higher  this  mineralizing 
process  culminates  in  pipes,  compound  pipes,  and  solid  rock  composed 
wholly  of  crystals,  but  so  solidified  that  their  identity  is  lost,  and  is  de- 
tected only  by  i.  certain  reflection  of  light,  which  differentiates  the  other- 
wise invisible  crystal  units  by  showing  glistening  hexagonal  sections. 
There  could  not  have  been  a  more  gradual  and  beautiful  transition,  and 
all  confined  to  a  bed  6  or  8  feet  in  thickness.  This  is  shown  pictorially, 
though  inadequately,  in  plates  13  and  14.     Plate  14,  figure  2,  shows  a 
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portion  of  a  great  pipe  on  Devil  Hill.  Ex|M)8ed  for  a  distance  of  about 
100  yards,  this  giant  pipe  is  made  up  of  sand  crystals  throughout  its 
extent.  Below  may  be  seen  innumerable  small  sand  crystals,  and  in 
front  a  small  pipe  bristling  with  concretion  crystals.  The  length  of  this 
remnant  of  a  bed,  which  Trora  its  coarseness  suggests  a  current  deposit, 
is  probably  500  yards  in  all,  and  it  scarcely  measures  20  yards  at  its 
widest  point.  In  this  band  the  material  varies  slightly,  running  from 
sand  into  gravel  at  times. 

Overlying  the  crystal  bed  occurs  some  26  feet  of  conspicuously  cross- 
bedded  and  fairly  coherent  sand  rock  with  ragged  outline. 

In  the  loose  underlying  crystal  bed  the  sand  is  finely  laminated,  ex- 
hibiting colors  as  contrasting  at  times  as  black  and  white.  The  lamina3 
extend  uninterruptedly  through  sand,  sand  crystals,  concretions,  and 
pipes.  All  the  crystals  show  laminated  lines.  Planes  of  weakness  fol- 
low the  laminae,  and  two  effects  are  produced  :  first,  the  crystal,  if  ex- 
posed to  atmospheric  action,  weathers  more  readily  along  certain  planes, 
leaving  others  projecting;  second,  the  crystals  break  more  readily  along 
certain  lines  (see  plate  18,  figures  1  to  9).  This  fracture  is  but  a  part- 
ing along  the  bedding  plane,  and  is  not  to  be  confounded  with  cleavage, 
however  like  it  it  may  appear.  Although  cleavage  lines  are  present  in 
the  calcite,  the  sand,  which  is  the  predomin.iting  element,  interferes  with 
the  cleavage  throughout  the  mass,  though  many  crystals  imitate  the 
calcite  angle  in  fracture. 

The  cnost  interesting  single  feature  connected  with  these  crystals  seems 
to  be  the  wonderful  transition  from  the  solitary  crystals  to  the  concre- 
tions, compound  concretions  or  pipes,  to  the  compound  pipes  and  solid 
rock.  This  takes  us  back  to  the  radiating  concretions  and  compound 
concretions  seen  in  our  western  counties,  especially  in  Sioux  county.  It 
was  this  intimate  relation  between  the  sand-lime  crystals  and  at  least  one 
type  of  concretionary  structure  which  suggested  the  name  concretion 
crystals.  However,  sand  crystals  or  sand-lime  crystals,  as  first  proposed 
by  the  writer  in  1893,  seem  to  be  simpler  and  more  expressive  terms,  in- 
a.sniuch  as  they  explain  the  composition.  These  have  subsequently  been 
described  by  Penfield  and  Ford  in  the  American  Journal  of  Science  of 
May,  1900. 

Immersed  in  acid,  the  crystals  are  quickly  broken  down,  the  calcite 
being  dissolved  and  the  sand  grains  liberated. 

To  the  observer  in  the  field,  it  is  interesting  to  note  how  these  crystals 
vary  from  yard  to  yard  in  the  same  bed.  Thus  they  pass  through  all  gra- 
dations of  size — from  those  scarcely  a  quarter  of  an  inch  (6  millimeters) 
long  to  those  exceeding  15  inches  (38  centimeters')  in  length,  the  average 
size,  of  which  there  are  myriads,  being  2i  to  3  inches  (6  to  8  centimeters). 
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indistinct  cleavage,  is  apparently  etched,  suggesting  the  probability  of 
the  lime  being  slowly  leached  away. 

Figure  6,  plate  18,  is  a  camera  lucida  sketch  of  a  cross-section  of  the 
crystal  shown  in  figure  1,  the  calcite  being  indicated  by  stippling. 

The  preparation  of  such  slides  offers  unusual  difficulties  because  of 
the  readiness  with  which  the  sand  and  silt  grains  part  from  the  matrix 
in  grinding  the  section. 

Crystallographically  these  objects  yield  readily  to  inspection.  They 
are  plainly  of  the  hexagonal  system,  but  belong  not  to  the  holohedral, 
but  to  the  hemihedral  division.  This  is  instantly  apparent  to  the  eye, 
for  instead  of  presenting  6  similar  faces  they  present  three  pairs  of  faces. 
Accordingly,  similar  edges  and  planes  come  to  view  with  each  turn  of 
120  degrees. 

Of  the  six  edges,  three,  lettered  8,  a,  s,  in  plate  18,  are  visibly  more 
obtuse  and  alternate  with  three  which  are  less  obtuse.  Furthermore, 
the  three  edges  and  faces  forming  the  more  obtuse  angles  give  brilliant 
reflections  in  sunlight,  while  the  others  are  dull. 

The  sand  crystal  is  simply  a  scalenohedron  with  many  of  its  true 
characters  interfered  with  and  obscured  by  the  sand  inclusions.  For 
instance,  the  zigzag  is  apparently  lost.  This  is  a  condition  far  from 
phenomenal,  for  ordinary  scalenohedra  of  calcite  sometimes  show  no 
zigzag,  save  to  the  critical  observer. 

However,  in  a  few  sand  crystals  it  seems  to  be  barely  discernible,  and 
in  others  may  be  inferred  from  the  fact  that  a  given  face  does  not  lie  in 
a  continuous  surface  of  curvature,  but  is  warped  slightly.  If  a  crystal 
is  held  as  shown  in  figure  2,  plate  18,  a  portion,  heavily  shaded,  re- 
mains in  view  after  the  rest  of  the  face  is  revolved  out  of  sight.  A 
further  revolution  on  the  axis  gives  the  result  in  figure  3,  showing  that 
they  alternate.  This  points  directly  to  the  scalenohedron,  the  faces  of 
which,  if  slightly  curved  vertically  as  well  as  laterally,  would  give  pre- 
cisely this  result  and  would  efface  the  zigzag.  These  are  superficial 
si^s,  but  they  unmistakably  indicate  the  scalenohedron. 

Measurements  confirm  the  eye  determinations,  but  are  subject  to 
error  from  the  fact  that  the  faces  are  surfaces  of  double  curvature  and 
must  be  measured  tangentially. 

The  crystal  shown  in  figure  1,  plate  18,  when  measured  carefully,  gave 
the  following  results,  read  in  true  angles,  with  supplement  angles  fol- 
lowing in  parentheses:  (1)  113°  (67°),  (2)  126°  (52°),  (3)  116°  (64°), 
(4)  125°  (55°),  (5)  114°  (66°),  (6)  126°  (54°).  The  error  in  reading 
ordinarily  runs  from  2  to  6  or  8  degrees,  being  2  in  this  case,  as  is  shown 
by  taking  the  sum  of  the  supplement  angles.  All  measurements  show 
angles  less  obtuse,  alternating  with  those  more  obtuse,  at  a,  a,  8. 
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This  is  shown  graphically  in  figure  5,  plate  18,  which  also  shows  the 
deviation  of  the  faces  from  the  straight  lines  of  the  included  polygon. 
The  rounded  faces  of  the  sand  crystal  correspond  to  the  faces  of  the 
scalenohedron  blended  into  6  continuous  surfaces  easily  mistaken  for 
prismatic  or  pyramidal  faces.  The  curved  ends  of  these  crystals  offer 
no  more  difficulty  than  do  the  curved  and  warped  faces.  Almost  every 
scalenohedron  is  modified,  and  its  ends  visibly  rounded  by  the  combi- 
nation of  one  or  more  sets  of  rhombohedral  planes.  An  attempt  is 
made  to  show  this  graphically  in  figure  4,  plate  18.  These  crystallo- 
graphic  signs  are  capable  of  exact  interpretation  by  the  crystallographer, 
to  whom  they  must  be  consigned  for  further  consideration,  the  writer 
contenting  himself  with  this  brief  history  of  these  remarkable  new 
crystals  and  their  apparent  relation  to  certain  concretionary  forms. 
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Introductory 

An  unconformity  at  the  base  of  the  Coal  Measures  in  the  upper  Mis- 
sissippi valley  has  long  been  known.  In  the  writings  of  the  early  geo- 
logical explorers  are  recorded  observations  showing  that  a  physical  break 
in  the  stratigraphic  sequence  was  recognized  at  various  localities  between 
the  coal-bearing  strata  and  the  underlying  Carboniferous  limestones.  In 
most  cases  it  was  regarded  as  'local  discordance  in  sedimentation.  Hall  * 
appears  to  be  the  first  to  note  the  wide  extent  of  the  unconformity. 
Later,  White  f  aIso  emphasized  its  importance  as  a  stratigraphic  plane. 

Of  recent  years  much  information  has  been  obtained  regarding  the  na- 
ture of  this  junction  of  the  coal-bearing  Middle  Carboniferous  strata  and 
the  formations  on  which  they  rest.  The  details  of  the  unconformity 
plane  have  been  so  nicely  worked  out  in  so  many  localities  that  we  have 
now  a  very  good  idea  of  its  character,  its  real  significance,  and  even  of 
its  relief  features  now  so  long  buried. 

This  plane  of  unconformity  has  proved  to  be  of  wide  extent  It  is 
found  stretching  northward  from  the  Ozarks  beyond  the  south  boundary 
of  Minnesota.  It  bevels  all  the  Lower  Carboniferous  formations,  the 
Devonian,  Silurian,  Ordovician,  and  probably  the  Cambrian. 

The  plane  represents  undoubtedly  an  old  land  surface.  Data  regard- 
ing its  depositional  equivalent  have  been  too  incomplete  to  even  sug- 
gest what  it  might  include  or  where  it  might  be  represented ;  only 
recently  I  has  any  indication  been  given  as  to  the  possible  representa- 
tive sediments.  It  is  to  this  phase  of  the  subject  that  attention  is  here 
called. 

Carboniferous  and  its  Subdivisions  in  the  Mississippi  Valley 

Each  of  the  states  occupied  by  Coal  Measures  of  the  Western  Interior 
basin  has  formed  a  general  section  of  its  formations  that  has  been  difii- 
cult  to  parallel  with  those  of  the  adjoining  states  in  any  but  an  approx- 
imate way.  Of  late  years  the  Carboniferous  terranes  of  Iowa,  Missouri, 
and  Kansas  have  been  brought  into  close  accord.  Those  of  Arkansas 
and  Indian  territory  have  also  been  subject  to  comparison  ;  but  no 
direct  and  exact  correlation  has  been  undertaken  between  the  sections 
of  the  north  and  the  south  regions. 

North  of  the  Ozarks  the  classification  of  the  median  Carboniferous 
may  be  considered  according  to  the  following  table :  § 

*  Geology  of  Iowa,  vol.  i,  1858,  p.  128. 

t  Geology  of  Iowa,  vol.  I,  1870,  p.  226. 

X  Journal  of  Geology,  vol.  viii,  19<X),  p.  285. 

I  American  Geologist,  vol.  xxiii,  1899,  p.  298. 
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SiRIEB. 


Oklahoman. 


Missoarian. 


Defl  Moines. 


{ 


Tbbrane. 


Not  here  differentiated 


Cottonwood  limestone 

Atchison  shales ^. . . . 

Forbes  limestones 

Platte  shales 

Plattsmouth  limestones. . . 

Lawrence  shales 

Stanton  limestones 

Parkville  shales 

lola  limestones 

Thayer  shales 

Bethany  limestones 


Marais  des  Cyg^es  shales. 
Henrietta  limestones  . . . 
Cherokee  shales 


Mississtppian.. 


HiatuB. 


Kaskaskia. . 
Saint  Louis 

Aufifusta 

Chouteaa... 


Thickness 

IN  FEET. 


10 

500 

25 

105 

30 

265 

35 

75 

SO 

60 

75 


250 

50 

200 


275 
300 
250 
100 


The  Des  Moines  and  Missourian  series  constitute  what  are  called  the 
Coal  Measures. 

In  the  Arkansas  valley  and  Boston  mountains  the  general  section,  as 
given  by  Branner,*  is  apparently  totally  different : 


Seribb. 


Coal  Measures. 


■! 


Terrane. 


Poteau  beds 

Productive  beds 

Barren  l>ed8  (Lower  Coal  Measures). 
Millstone  grit 


Boston  group 

Batesvifle  sandstone, 
Fayetteville  shale. . . 
Wy  man  sandstone  . 

Boone  chert 

Saint  Joe  marble 


Thickness 

IN  FEET. 


3,500 

1,800 

18,480 

500 


780 
200 
300 

10 
370 

40 


♦Am.  Jour.  Sci.  (4),  vol.  ii,  1896,  p.  23.5. 
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Principal  ooal-bearing  Formations 


EXTENT  AND  CHARACTER 

Heretofore  it  has  been  generally  conceded  that  the  coal  seams  of  the 
Coal  Measures  are  limited  to  no  particular  horizon.  This  is  only  true 
in  a  very  general  way.  Coal  is  found  at  many  different  stratigraphic 
levels,  but  what  may  be  termed  the  productive  formations  are  few  in 
number. 

The  geological  maps  of  the  region  give  but  faint  idea  of  the  actual 
disposition  and  relations  of  the  coal  seams.  A  consideration  of  the 
mine  locations  gives  an  equally  vague  conception  of  the  horizons  which 
furnish  the  chief  fuel  supplies.  The  general  literature  is  so  Widely  scat- 
tered and  the  references  so  disconnected  that  little  help  is  to-  be  had 
Jrom  this  source. 

Considering  a  coal  horizon  as  a  stratigraphic  plane,  along  which  coal 
has  formed  and  which  may  be  coal-yielding  or  not,*  the  extent  of  indi- 
vidual workable  seams  is  extremely  variable.  There  is  no  correspond- 
ence between  thickness  and  areal  extent.  Some  of  the  thickest  beds 
are  the  most  limited  in  their  geographic  distribution.  The  Versailles 
(Morgan  county,  Missouri)  deposits^f  which  are  upward  of  60  feet  in 
thickness,  are  less  than  a  mile  across.  On  the  other  hand,  some  of  the 
thinner  beds  are  found  over  a  very  wide  area.  The  Mystic  seam  %  of 
southern  Iowa  and  northern  Missouri,  though  only  about  3  feet  thick, 
extends  over  many  hundreds  of  square  miles.  So  also  the  Grady  seam 
of  Arkansas  and  Indian  territory  has  great  areal  extent.  § 

PRODUCTIVE  COAL  SERIES  IN  THE  NORTH 

A  short  time  ago  the  present  coal  output  of  each  geological  formation 
in  Iowa,  Missouri,  and  Kansas  was  the  subject  of  special  inquiry.  In 
order  to  present  the  facts  more  clearly  the  supplies  were  tabulated 
according  to  percentages  as  follows : 

Terrane  Percentages  of  coal  Production 


Missourian  series : 

Atchison  shales 

Platte  shales 

Lawrence  shales 

Parkville  shales 

Thayer  shales 

Des  Moines  series : 

Marais  des  Cygnes  shales. 

Henrietta  formation 

Cherokee  shales 


Iowa. 


0.2 


10 
15.4 
83.4 


Missouri. 


0.1 
18.5 
81.4 


Kansas. 


6.0 
0.13 


a2 


0.8 

0.2 

92.5 


♦Journal  of  Geology,  vol.  li,  1894,  p.  178. 
tEng.  and  Min.  Jour.,  vol.  xlix,  1900,  p.  629. 
X  Iowa  Geol.  Surrey,  vol.  ii,  1894,  p.  408. 
I  Proc.  Am.  Phil.  Soc,  vol.  zxxvi,  1898,  p.  330. 
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It  will  be  noted  that  nearly  nine-tenths  of  the  total  coal  output  of 
the  three  states  mentioned  comes  from  the  Cherokee  division  alone. 
This  is  about  the  proportion  that  the  same  terrane  may  be  expected  to 
furnish  in  the  future.  If  anything,  the  Cherokee  percentage  will  in- 
crease rather  than  diminish,  as  the  Henrietta  coal  comes  from  a' single 
seam,  which  lies  very  near  the  base  of  the  formation.  Hence,  if  we  care 
to  take  a  few  feet  of  this  terrane  and  add  it  to  the  Cherokee,  we  would 
have  practically  98  per  cent  of  the  entire  Trans-Mississippian  output  of 
coal  north  of  Arkansas  coming  from  the  lowermost  member  of  the  Goal 
Measures — the  Cherokee  shales'. 

The  maximum  thickness  of  the  Clierokee  shales  may  be  taken  to  be 
about  300  feet.  From  this  measurement  the  terrane  tapers  out  east- 
wardly  to  a  feather-edge.  If  the  total  thickness  of  the  Coal  Measures  of 
the  region  (Des  Moines  and  Missourian  series)  north  of  Arkansas  be 
taken  at  2,000  feet,  the  basal  one-seventh  furnished  98  per  cent  of  the 
whole  coal  supply,  present  and  future. 

PRODUCTIVE  COAL  SERIES  IN  THE  SOUTH 

In  considering  the  coal  output  of  the  Arkansas  valley  the  chief  pro- 
ducing strata  are,  according  to  Branner,  not  at  the  base  of  the  Coal 
Measures,  but  some  18,000  feet  above.  In  western  Arkansas  this  pro- 
ductive terrane  of  Branner  appears  to  include  both  the  lower  and  east- 
ern coal-bearing  divisions  of  Winslow,*  the  intermediate  barren  division, 
of  indefinite  delimitation,  and  the  chief  coals  of  the  upper  or  western 
coal-bearing  division.  The  highest  coal  horizons  of  the  state  were 
apparently  unknown  at  the  time  the  report  was  made;  at  least  their 
real  stratigraphical  position  was  not  appreciated. 

While  some  thin  coals  are  known  at  other  levels,  the  whole  coal  sup- 
ply of  Arkansas  and  Indian  territory  south  of  the  Arkansas  river  comes 
from  a  terrane  higher  above  the  Kaskaskia  beds  of  the  Mississippian  than 
the  whole  Carboniferous  section  of  Missouri  and  Kansas.  In  both  Mis- 
souri and  Arkansas  the  correlation  of  the  Kaskaskia  beds  has  been 
determined  with  accuracy,  so  that  their  exact  position  is  known. 

Geological  Sections  of  the  Region 
general  considerations 

In  the  accompanying  diagram  (plate  19)  are  arranged  the  general 

geological  sections  of  the  Trans-Mississippian  Coal  Measures  as  repre- 

' ______^___  ___^_^^^^^_^^^^_^^_^^_^_^___^^^^^^__^^.^_^.^_ 

^Arkansas  Geol.  Survey,  Ann.  Kept.  1888,  vol.  iii,  p.  22. 
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sented  in  the  several  states  occupied  by  this  great  coal  field.  As  indi- 
cating more  clearly  the  various  stratigraphic  relationships,  the  sections 
as  given  by  the  chief  writers  on  the  subject  in  each  state  have  been 
selected.  In  this  way  also  the  literature  in  general  is  more  fully  under- 
stood in  its  bearing  upon  the  special  theme  here  presented. 

Number  I  is  the  general  section  of  western  Missouri,  and  includes  the 
typical  Missourian  series  *  and  the  Des  Moines  f  series  as  there  repre- 
sented. In  its  main  features  the  arrangement  holds  good  for  Iowa,t 
and  also  Kansas.§  The  horizon  of  the  Bethany  limestone,  the  base  of 
the  Missourian  series,  is  indicated ;  also  the  horizon  of  the  Plattsmouth 
limestone,  for  reasons  hereafter  mentioned.  The  top  of  the  same  series, 
the  Cottonwood  limestone,  is  likewise  a  noteworthy  horizon. 

In  number  II  is  given  the  section  of  southern  Kansas,  in  accordance 
with  the  observations  of  Adams  and  Haworth.||  Some  of  the  terranes 
are  here  thicker  than  farther  north. 

What  are  called  the  Pawhuska  (number  III),  the  Sapula  (number 
IV),  and  the  Poteau  Mountain  (number  V)  sections  are  those  for  north- 
ern, central,  and  southeastern  Indian  territory  as  generalized  by  Drake.^ 
.  Of  the  two  Arkansas  sections,  the  one  for  the  western  part  of  the  state 
(number  VI)  is  that  of  Winslow,  as  published  by  Stevenson,**  while  the 
more  general  section  (number  VII)  is  that  of  Branner.ft 

The  course  of  these  sections  may  be  considered  as  a  semi-circle  ex- 
tending around  the  western  part  of  the  northern  Ozarks.  It  coincides 
with  the  lowland  belt  flanking  the  great  elevation  between  the  Arkansas 
and  Missouri  rivers. 

IOWA  SECTION 

The  details  of  the  northern  end  of  the  general  cross-section  are  to  be 
found  in  the  reports  of  the  Iowa  Geological  Survey .JJ  The  Iowa  section 
differs  in  no  essential  features  from  that  given  for  Missouri.  The  sub- 
divisions of  the  Des  Moines  series  are  perhaps  not  quite  so  well  marked 
as  in  southwest  Missouri,  and  the  lola  limestone  is  missing,  having 
thinned  out  before  reaching  the  northern  boundary  of  the  last-named 
state.    The  formations,  on  the  whole,  are  much  thinner  than  farther 


*  American  Geologist,  vol.  xxiii,  1899,  p.  298. 
t  Proc.  Iowa  Acad.  Sol.,  vol.  iv,  1897,  p.  22. 
X  American  Geologist,  vol.  xxi.  1898,  p.  346. 
I  ^ng.  and  Mining  Joiir..  vol.  Ixi,  1898,  p.  253. 
!l  Univ.  Geol.  Survey  Kansas,  vol.  iii,  1898,  pi.  i. 
^  Proc.  Amer.  Philos.  Soc,  vol.  xxxvi,  1898,  p.  372. 
*♦  Trans.  New  York  Acad.  Sci.,  vol.  xlv,  1896,  p.  51. 
ft  Am.  Jour.  Sci.  (4),  vol.  ii,  1896,  p.  235. 
X\  Iowa  Geol.  Survey,  vol.  ii,  1890. 
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soath.    The  maximum  thickness  of  the  Coal  Measures  is  about  1,600 
feet,  in  the  extreme  southwest  corner  of  the  state. 

MISSOURI  SECTION 

ITie  typical  section  of  Missouri  has  already  been  given  in  connection 
with  the  general  statement  regarding  the  Carboniferous  and  its  subdi- 
visions in  the  Mississippi  valley.  Within  the  state  limits,  however,  the 
full  sequence  of  the  Missourian  is  not  represented,  the  extreme  upper 
part  of  the  series  not  being  found  so  far  to  the  east.  The  maximum 
thickness  of  the  Coal  Measures  is  the  same  as  for  Iowa,  and  is  found  in 
the  extreme  northwestern  corner  of  the  state. 

In  southwestern  Missouri  the  sandstone  and  conglomerate  beds  lying 
at  the  base  of  the  Coal  Measures,  and  called  the  Graydon  sandstone,  in 
Greene  county,*  for  example,  have  been  referred  to  the  Des  Moines  series. 

In  this  part  of  Missouri  the  Coal  Measures  rest  directly  upon  the  Au-' 
gusta  limestone.    Over  a  considerable  part  of  the  region  the  latter  also 
forms  the  surface  rock.     Remnants  of  the  Saint  Louis  limestone  with 
characteristic  fossils  have  been  observed.     On  the  southern  border  of  the 
state  the  Kaskaskia  beds  have  been  recognized. t 

KANSAS  SECTION 

In  the  extreme  southern  part  of  the  state  the  Missourian  series  is  con- 
siderably thicker  than  it  is  along  the  Missouri  river.  A  notable  feature 
is  the  thickening  of  the  limestones  toward  the  west  and  the  introduc- 
tion of  new  limestone  beds. 

llie  great  limestone  formations  are  slightly  tilted  to  the  northwest, 
and  a  succession  of  marked  eastward- facing  escarpments  are  prominent 
features  of  the  topography  of  the  region.  These  escarpments  continue 
on  southward  well  into  Indian  territory. 

INDIAN  TERRITORY  SECTION 

The  three  general  sections  of  the  Coal  Measures  given  by  Drake  X  in- 
dicate a  very  great  thickening  to  the  southward.  In  his  subdivision  of 
the  Carboniferous  above  the  Mississippian  he  recognizes  (1)  the  Lower 
Coal  Measures,  (2)  the  Upper  Coal  Measures,  composed  of  the  Cavaniol 
and  Poteau  groups,  and  (3)  the  Permian.  From  his  notes  alone  it  would 
be  difficult  to  compare  these  sections  with  the  Kansas  section.  Personal 
ol)8ervation8  in  the  field  enable  the  two  districts  to  be  paralleled,  so  that 

*  Missoari  Q«ol.  Surrey,  toI.  xH,  1898,  p.  124. 

t  American  Geologist,  vol.  xvi,  1805,  p.  86. 

J  Proc.  Am.  Phtlos.  Soc,  vol.  xxxvi,  1898,  p.  372. 
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if  Drake ^8  tracings  in  the  field  are  correct  we  ave  able  to  tell  quite  closely 
the  relationships  which  the  southeastern  sections  bear  to  those  north  of 
the  territory. 

Drake's  correlation  is  that  the  Lower  Coal  Measures  of  Indian  terri- 
tory are  (presumably)  equivalent  to  the  formation  of  the  same  title 
farther  north.  The  Cavaniol  (Kavanaugh)  is  paralleled  with  the  Mis- 
sourian  up  to  the  Atchison  (Waubaunsee)  shales,  while  the  Poteaa  is 
made  the  representative  of  the  latter  and  the  Cottonwood  terrane.  The 
exact  grounds  for  this  correlation  are  not  clear,  though  it  is  inferred  to 
be  chiefly  the  fossils. 

There  are  cogent  reasons  for  believing  that  all  of  the  Indian  Territory 
beds  are  much  lower  in  the  stratigraphic  scale  than  Drake  has  supposed. 
It  has  already  been  shown*  that  Smith's  conclusions t  **  that  Poteau 
Mountain  beds  were  high  up  in  the  Coal  Measures/^  probably  in  part 
Permian,  are  not  necessarily  correct.  It  was  further  stated  that  his  de- 
tailed evidence  indicated  rather  that  the  beds  in  question  were  much 
lower,  possibly  as  far  down  as  the  horizon  of  the  Des  Moines  series. 
The  data  presented  by  Drake,  and  partly  corroborated  by  personal  ex- 
amination, point  to  the  correctness  of  the  suggestion. 

Where  the  Cavaniol  group,  as  indicated  on  Drake's  map,  is  extended 
into  Kansas,  it  falls  wholly  within  the  boundaries  of  the  Des  Moines 
series.  The  eastern  limits  are  the  same,  if  the  basal  sandstone  is  con- 
sidered by  itself.  The  upper  or  western  boundary  coincides  with  the 
lowermost  of  the  Bethany  limestones.  If  the  Poteau  is  rightly  traced, 
it  corresponds,  in  Indian  territory,  to  the  Missourian  series  of  Kansas 
up  as  far  as  possibly  the  Plattsmouth  (Oread)  limestone,  but  certainly 
not  higher.  The  details  of  the  northern  extension  of  Drake's  Poteau 
are  obscure,  and  it  is  just  possible  that  the  limit  is  more  nearly  that  of 
'  the  lola  limestone. 

If  this  is  the  correct  interpretation,  and  it  appears  that  it  is,  Drake's 
Cavaniol  group  is  almost  the  exact  equivalent  of  the  Des  Moines  series, 
minus  the  basal  sandstone  of  the  more  northern  localities,  while  his 
Poteau  group  is  to  be  paralleled  with  tl\e  Missourian  series  below  the 
Plattsmouth  limestone.  The  basal  sandstone,  placed  by  Drake  in  his 
Lower  Coal  Measures,  would  appear  to  belong,  toward  the  north,  to 
"  what  has  been  regarded  as  a  part  of  the  Des  Moines  series,  and  to  the 
south  to  a  lower  horizon  than  any  of  that  series  north  of  the  Kansas 
line. 

In  the  eastern  part  of  the  territory,  south  of  the  Arkansas  river,  the 

*  Journal  of  Geology,  vol.  vi,  1898,  p.  356. 

t  Proc.  Am.  Philos.  Soc,  vol.  xxxv,  1896,  pp.  213-285. 
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coal  fields  have  been  extensively  developed  and  the  coal  seams  traced 
for  long  distances.  On  account  of  the  wide  extent  of  the  coal  beds  the 
various  sections  in  this  part  of  the  territory  are  readily  compared  with 
one  another  and  with  those  of  the  neighboring  state  on  the  east.  There 
are  three  notable  seams  in  the  Choctaw  field  :  the  Grady  (Huntington, 
of  Arkansas),  the  McAlester,  and  the  May  berry.  Drake's  Cavaniol  group 
embraces  the  strata  between  the  Grady  and  Mayberry  coals.  The  maxi- 
mum distance  between  these  two  horizons  is  estimated  by  Drake  to  be 
6,000  feet,  though  in  his  general  section  it  is  only  about  1,700  feet. 

When  we  come  to  compare  Chance's  section  *  with  that  made  by  Drake, 
we  find  that  he  places  the  distance  between  the  two  coals  at  a  little  over 
8,000  feet,  which  is  certainly  excessive,  as  has  already  been  suggested.f 
With  the  exception  of  the  1,200  feet  of  shale  above  the  Mayberry  or 
Kavanaugh  coal  and  200  feet  beneath  the  Grady  coal,  the  whole  of  the 
Chance  section  would  belong  to  the  Cavaniol  group. 

Stevenson  J  has  paralleled  the  section  made  by  Chance  with  Wins- 
low's  section  of  the  Coal  Measures  of  western  Arkansas  in  his  yet  un- 
printed  report.  It  seems  impossible  to  reconcile  this  attempt  with  the 
known  facts.  Winslow  states  §  clearly  that  the  Huntington  (Grady) 
coal  is  near  the  base  of  his  Poteau  stage.  This  being  the  case,  his  six 
other  stages  are  all  below  the  base  of  Chance's  section.  This  feature 
is  shown  in  plate  19. 

In  this  connection  it  may  be  said  that  Drake's  Poteau  group  is  not 
the  Poteau  of  the  Arkansas  geologists.  Winslow's  Poteau  stage,  and,  pre- 
sumably, also  Branner's,  extends  upward  from  the  Grady  coal  horizon 
to  the  beds  at  the  top  of  Poteau  mountain,  an  horizon  near  the  Mayberry 
coal  The  Poteau  formation  of  Arkansas  is,  therefore,  practically  the 
exact  equivalent  of  Drake's  Cavaniol  group,  while  the  latter's  Poteau 
lies  wholly  above  the  Poteau  of  Arkansas. 

In  regard  to  the  lower  part  of  the  section,  it  may  be  stated  that  what 
Drake  calls  the  Lower  Coal  Measures  is  below  the  Lower  Coal  Measures 
of  Missouri  and  Kansas.  The  Lower  Coal  Measures  of  Indian  territory, 
which  are  not  the  Lower  Coal  Measures  of  the  region  farther  north,  are 
very  thin  at  the  north  and  are  there  merged  with  the  basal  standstone  of 
the  Des  Moines  series.  Southward  they  rapidly  increase  in  thickness 
until,  beyond  the  Arkansas  river,  they  have  an  ascribed  measurement 
ot  more  than  2,000  feet.     In  Chance's  section  of  the  Choctaw  coal  field 

*  Trans,  Am.  last.  Min.  Eng.,  vol.  xviii,  1800,  p.  6M. 
t  JourDal  of  Geology,  vol.  vi,  1898,  p.  368. 

1  Trans.  New  York  Acad.  Sci.,  vol.  xiv,  1895,  p.  62. 

2  Ibid.,  p.  M. 
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only  the  lower  20Q  feet  out  of  the  entire  10,000  feet  appear  to  belong  to 
the  Lower  Coal  Measures  as  given  by  Drake. 

ARKANSAS  SECTION 

The  most  complete  section  of  the  Coal  Measures  of  Arkansas  is  that 
constructed  by  Winslow  for  his  unpublished  report  on  the  coals  of  the 
state.  The  section  has  been,  however,  published  by  Stevenson.*  Com- 
paring his  earlier  section  t  with  this  one,  it  is  assumed  that  the  lower  or 
eastern  coal-bearing  division  corresponds  to  the  Spadra  stage,  the  inter- 
mediate or  barren  division  to  the  Sebastian  stage,  and  the  upper  or  west- 
ern coal-bearing  division  essentially  to  the  Poteau. 

As  the  positions  of  the  higher  coals  in  the  Poteau  were  not  well  under 
stood  in  Arkansas,  it  seems  probable  that  the  Grady  or  Huntington  coal 
at  the  base  of  the  Poteau  and  the  lower  coals  occurring  in  the  Spadra 
stage  were  included  in  Branner's  productive  beds. 

The  Spadra  formation  is  best  developed  in  central  Arkansas  and  is 
believed  to  thin  out  westward,  failing  altogether  before  the  limits  of  the 
state  are  reached.  Beneath  this  terrane  Branner  considers  that  there  are 
still  about  18,000  feet  of  Coal  Measures  represented  in  the  state. 

In  this  connection  it  must  be  again  stated  that  the  Poteau  beds  of  the 
Arkansas  geologists  do  not  form  the  Poteau  group  of  Indian  territory,  as 
designated  by  Drake,  but  correspond  to  the  latter's  Cavaniol  group. 

Correlation  op  the  Gknkkal  Sections 
stratigraphic  relationships 

The  detailed  work  done  during  the  past  decade  in  the  various  parts  of 
the  Trans-Mississlppian  coal  fields  has  enabled  satisfactory  correlations 
to  be  made  without  falling  back  upon  the  fossils.  Various  horizons  have 
been  traced  in  the  field,  so  that  every  portion  of  the  area  occupied  by  the 
Coal  Measures  may  now  be  considered  as  being  very  closely  connected. 

If  these  correlations  have  been  correctly  carried  out,  it  would  appear 
that,  taking  the  section  of  the  Missouri  river  as  a  standard,  the  serial 
subdivisions  are  readily  followed  around  the  Ozarks  occupying  southern 
Missouri  and  northern  Arkansas. 

According  to  the  accumulated  stratigraphic  evidence,  there  begins 
south  of  the  Kansas  boundary  a  formation  having  no  representative  ter- 
rane to  the  north.  This  formation  rapidly  gets  thicker  and  thicker  south- 
ward and  eastward  until,  if  Branner's  estimates  are  correct,  it  attains 


•  Trau8.  New  York  Acad.  Sci.,  vol.  xiv,  1805,  p.  61. 
t  ArkaiiHan  Geo).  Survey,  Ann.  Kept.,  1888,  vol.  iii. 
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the  enoriMous  vertical  measurement  of  20,000  feet.  This  great  terrane, 
composed  almost  entirely  of  shales  and  sandstones,  lies  entirely  below 
the  basal  horizon  of  the  Des  Moines  series  (liOwer  Coal  Measures)  of 
Missouri,  but  is  above  the  Kaskaskia  beds. 

The  Des  Moines  series  of  Missouri  appears  to  have  its  almost  exact 
equivalent  in  Indian  territory  in  the  Cavaniol  grpup  and  in  Arkansas 
in  the  Poteau  division. 

The  Missourian  series,  up,  ])erhap8,  as  far  as  the  Plattsmouth  lime* 
stone,  corresponds  closely  with  the  Poteau  division  of  Indian  territory. 

The  so-called  Permian  of  Indian  territory  seems  to  be  the  upper  part 
of  the  Missourian  series.  The  strata  above  the  horizon  of  the  Cottonwood 
limestone  of  Kansas  are  not  known  definitely  to  occur  within  the  limits 
of  Indian  territory. 

FAUNAL  COMPARISONS 

As  yet  no  complete  faunal  studies  have  been  made  with  the  special 
object  in  view  of  careful  correlation  of  the  various  formations  throughout 
the  coal  field.  What  suggestions  the  fossils  have  offered  are,  however, 
not  without  interest.  This  is  particularly  so  when  the  north  and  south 
parts  of  the  field  are  compared. 

The  most  important  published  data  on  the  fossils  of  the  Arkansas  Coal 
Measures  are  by  Smith.*  This  author  is  of  the  opinion  that  the  Lower 
Coal  Measures  and  Upper  Coal  Measures  of  Arkansas  are  to  be  paralleled 
with  the  similarly  named  formations  farther  north.    He  concludes  that — 

'*  There  is  not  saflScient  reason  for  classing  the  Poteau  Mountain  beds  with  the 
Permian,  bat  their  fauna,  as  well  as  stratigraphic  position,  place  them  very  high 
in  the  Coal  Measures,  since  they  are  like  the  fauna  and  position  of  the  Mississippi 
Valley  Upper  Coal  Measures.  These  beds  derive  an  additional  interest  from  the 
fact  that  on  Poteau  mountain  1,000  feet  of  shale,  in  which  no  fossils  were  sought 
for,  He  above  the  thin  layer  from  which  tlie  entire  collection  was  taken.'' 

The  correctness  of  this  conclusion  has  been  questioned.f  A  careful 
comparison  of  the  species  of  fossils  that  are  considered  by  Smith  to 
belong  to  the  Upper  Coal  Measures  with  those  from  the  Upper  and 
liOwer  Coal  Measures  of  other  parts  of  the  Western  Interior  basin  brings 
out  the  fact  that  the  Arkansas  fauna  not  only  does  not  necessarily  indi- 
cate for  the  zone  containing  it  a  "  very  high  "  j)Osition  in  the  more 
northern  Upper  Coal  Measures,  but  that  it  may  be  and  probably  is  very 
low.  Judging  from  the  fauna  alone  and  as  a  whole,  according  to  the 
paleontological  standard  of  its  nearest  and  most  closely  related  district — 

♦  Proc.  Am.  Philo«.  Soc.  vol.  xxxv,  1896.  pp.  213- 'isf^. 
t  Joarnal  of  Geology,  vol.  vi,  1898,  pp.  ;V>f>-303. 
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the  Missouri-Kansas  province,  with  which  it  is  properly  compared — the 
indications  are  that  the  age  of  the  strata  yielding  it  is  not  of  the  '*  Upper 
Coal  Measures  "  at  all,  but  of  the  "  lower  division  " — that  is,  of  the  Des 
Moines  series  of  the  more  northern  localities. 

All  of  the  Arkansas  species,  with  very  few  exceptions,  are,  in  Iowa, 
Missouri,  and  Kansas,  the  most  widely  distributed  forms.  Most  of  them 
range  from  the  base  to  the  top  of.  the  Des  Moines  series,  and  continue 
upward.  In  the  lower  series  the  marine  beds  are  almost  wholly  absent, 
only  a  few  thin  limestones  being  present  in  the  whole  succession.  Never- 
theless, the  same  species,  which  are  found  in  Arkansas,  occur  abundantly 
not  only  in  the  thin  limestone  layers,  which  are  rarely  more  than  a  few 
inches  in  thickness,  but  also  in  the  calcareous  shales,  and  in  less  num- 
bers even  in  the  bituminous  shales. 

Of  the  corals  listed  from  Arkansas  only  one  form  has  a  range  that  is 
unusually  ''  high  "  in  the  northern  succession ;  all  of  the  others  start 
almost  from  the  very  base  of  the  series.  The  crinoids  and  bryozoans 
are  all  common  in  the  Lower  Coal  Measures.  All  fourteen  species  of 
brachiopods  are  of  very  frequent  occurrence  in  the  Lower  Coal  division, 
many  commencing  down  in  the  Mississippian.  One  possible  exception 
is  Terebratula  bovidens,  which  at  present  appears  to  be  absent  from  some 
of  the  lower  Des  Moines  beds.  Of  the  lamellibranchs,  all  twenty-two 
species  are  the  most  characteristic  forms  in  the  very  base  of  the  Missou- 
rian ;  one-half  of  the  number  are  found  lower  down,  and  no  less  than 
seven  are  typical  Des  Moines  forms,  in  fact  having  an  optimum  habitat 
not  in  the  marine  beds,  but  in  the  bituminous  shales.  The  seven  species 
of  glossophora  that  are  enumerated  are  the  most  abundant  forms  of  the 
Lower  Coal  Measures  throughout  the  northern  district,  and  they  are 
preeminently  the  characteristic  fossils  of  the  black  shales  everywhere. 
Among  the  ten  cephalopods  named,  no  less  than  five  are  of  common 
occurrence  in  the  Des  Moines  beds,  and  not  infrequently  they  are  found 
in  the  black  shales ;  the  other  five,  so  far  as  known,  range  low  in  the 
Missourian. 

If  the  faunal  evidence  as  recently  presented  is  to  be  relied  on  at  all,  it 
would  appear  that  there  are  no  grounds  for  believing  that  there  are 
necessarily  present  in  the  deposits  of  the  Arkansas  Valley  region  any 
strata  higher  than  perhaps  the  middle  of  the  Missourian  series  of  Mis- 
souri and  Kansas. 

The  fossils  listed  by  Drake  *  as  coming  from  the  Cavaniol  group  would 
hardly  be  considered  as  coming  from  the  horizons  farther  north,  called 
the  Upper  Coal  Measures  (Missourian  series).    The  species  are  all  very 

*  Proc.  Am.  Philos.  Soc,  vol.  xxxvi,  1898,  p.  393. 
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common  ones,  and  all  have  a  very  great  vertical  range,  so  that  there  they 
are  by  no  means  determinative.  If  the  lists  were  examined  without 
reference  to  the  horizons  ascribed  to  them,  their  stratigraphic  positions 
would  certainly  be  pronounced  the  same  as  that  for  the  forms  from  the 
Des  Moines  series  of  Missouri. 

The  fossils  enumerated  .by  the  same  author  as  indicating  the  top  of 
the  Missourian  of  Kansas  must  certainly  be  paralleled  with  the  base  of 
that  formation. 

FLORAL  PARALLELISM 

The  earlier  references*  to  the  coal  floras  of  Arkansas  throw  little 
light  upon  the  stratigraphic  position  of  the  plant  beds.  Lesquereaux  t 
in  his  Coal  Flora  describes  a  number  of  species  from  the  Arkansas 
r^on. 

Smithy  alludes  to  the  unpublished  monograph  by  Fairchild  and 
White  on  the  "  Fossil  Flora  of  the  Coal  Measures  of  Arkansas,^'  in  which 
it  is  said  to  be  stated  that  all  the  published  plant  remains  are  regarded 
as  belonging  to  the  upper  or  productive  Coal  Measures^-of  Pennsyl- 
vania presumably. 

In  a  paper  read  before  the  Geological  Society  of  Washington  §  by 
David  White  it  is  reported  that — 

*'  The  flora  of  the  Grady,  or  Hartshorn,  coal  he  finds  to  indicate  a  reference  to 
the  Mower  coal-bearing  division'  of  Winslow,  or  the  basal  portion  of  the  Upper 
Coal  Measures  of  Branner  and  Smith,  in  Arkansas,  and  a  stage  near  the  base  of 
the  All^hany  series  of  the  Pennsylvania-Ohio  bitaminoas  regions.  The  plants 
of  the  McAlester  coal,  about  1,500  feet  above  the  Grady  coal,  assure  a  correlation 
with  the  upper  coal-bearing  division  of  Winslow,  in  Arkansas,  a  stage,  perhaps, 
near  the  Lane  [Parkville]  shales  in  the  lower  half  of  the  Missourian  in  Kansas, 
probably  below  the  Pittsburg  coal,  in  Pennsylvania,  or  near  coals  F  or  G  of  the 
northern  Anthracite  field.  Vegetable  remains  collected  by  Messrs.  Taff  and 
Richardson  from  a  horizon  about  2,000  feet  above  the  McAlester  coal  constitute  a 
distinctly  Coal  Measures  flora,  without  any  characteristic  Permian  species." 

The  principal  fact  brought  out  by  the  testament  of  the  fossil  plants  is 
that  the  coals  of  western  Arkansas  are  well  Up  in  the  general  section  of 
the  Coal  Measures,  at  a  horizon  that  would  be  somewhere  in  the  Upper 
Coal  Measures  of  the  Appalachian  region. 

The  plants  of  the  Clinton  region  in  Missouri,  according  to  White,|| 

^ArkADsas  Geol.  Surrey,  Second  Ann.  Kept.,  1860,  p.  309. 

tPQnosylTania  Geol.  Surrey,  vol.  P,  18S4,  p.  56. 

X  Journal  of  Geology,  vol.  II,  1894,  p.  195. 

I  Science,  n.  s.,  vol.  vit,  1898,  p.  612. 

I  U.  S.  Geol.  Survey,  monog.  xxxvii,  1900. 
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indicate  a  similar  position,  although  there  the  plant  horizons  are  within 
100  feet  of  the  Mis^issippian  series. 

Table  of  Tenants  in  Western  Interior  Coal  Field 
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RELA  TIONS  TO  TEXAS  SECTION 

The  close  approximation  in  the  equivalency  of  the  Coal  Measures  of 
Missouri  and  Kansas  and  those  of  Arkansas  and  Indian  territory  en- 
ables the  Texas  Carboniferous  to  be  more  clearly  understood.  As  yet,  the 
Coal  Measures  of  Texas  are  only  provisionally  subdivided.  However, 
the  Cisco  and  Canyon  divisions  of  Cummins*  appear  to  very  nearly 
represent  the  Missourian  series  of  the  more  northern  region. 


•Texas  Geol.  Survey,  Second  Ann.  Kept.,  1891,  p.  361. 
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This  leaves  the  Strawn,  Milsap,  and  perhaps  a  part  of  the  Bend 
division  equivalent  to  the  Des  Moines  and  Arkansan  series.  The  great 
thickness  of  these  Texas  divisions  seems  to  give  support  to  this  interpre- 
tation. The  revision  of  Drake's  correlation  *  of  the  Indian  Territory 
Coal  Measures  with  those  of  Kansas  corroborates  this  opinion. 

CORRELATION  OF  WESTERN  INTERIOR  AND  ALLEQHANY  SECTION 

Without  more  exact  stratigraphic  knowledge  than  at  present  exists 
regarding  the  vast  intervening  area,  all  attempts  at  correlation  of  the 
sections  of  the  two  great  fields  can  only  be  considered  as  merely  broad 
approximations  ;  yet  the  comparison  is  not  without  interest  and  value. 
The  principal  data  has  recently  been  gathered  from  the  plant  re- 
mains. 

If  we  follow  the  suggestions  of  David  White,  the  Des  Moines  series  in 
western  Missouri  is  to  be  regarded  as  representing  the  Alleghany  series 
of  Pennsylvania.f  In  the  consideration  of  the  fossil  plants  of  the 
McAlester  coal  field  by  the  same  author  J  three  widely  separated  horizons 
are  represented.  The  middle  one,  the  McAlester  coal,  is  regarded  as  be- 
longing to  the  level  of  the  lower  part  of  the  Missourian  series,  and  as 
probably  older  than  the  Pittsburg  coal,  the  base  of  the  Monongahela 
series  of  Pennsylvania.  The  lower  horizon,  the  Grady  coal,  is  placed  in 
the  Alleghany  series,  and  "  probably  in  the  lower  half." 

According  to  the  evidence  now  presented  both  the  McAlester  and 
Grady  coals  are  in  the  Des  Moines  series. 

Unoonfokmity  at  Base  of  Coal  Measures 
extent  and  nature 

West  of  the  Mississippi  river  the  unconformity  at  the  base  of  the  Coal 
Measures  is  known  to  extend  in  a  north-and-south  direction  a  distance 
of  more  than  '500  miles.  This  is  the  distance  from  about  the  north 
boundary  of  Arkansas  to  the  southern  limit  of  Minnesota. 

From  the  Mississippi  river  the  rocks  have  a  general  dip  to  the  west- 
ward. Over  a  considerable  belt  of  country  west  of  the  great  river  the 
juncture  of  the  Coal  Measures  with  the  underlying  formations  is  visible. 
The  width  of  this  belt  is  from  100  to  200  miles.  How  much  farther  west- 
ward it  extends  is  not  known,  since  the  horizon  soon  is  covered  too  deeply 
by  the  overlying  strata. 

*  ProG.  Am.  Philos.  Soc,  vol.  xxxvi^  1897,  p.  388. 

fU.  S.  Geoi.  Survey,  monog.  zxxvii,  1899. 

X  U.  S.  Geol.  Survey,  Nineteenth  Ann.  Rept.,  pt.  iii,  1900,  p.  457. 
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On  the  highest  parts  of  the  Ozark  dome  in  Missouri  the  Coal  Measures 
are  still  found  resting  on  the  uneven,  channeled  surfisu^e  of  the  Lower 
Carhoniferous.  South  of  the  southern  boundary  of  Missouri  there  is  no 
evidence  that  any  break  in  sedimentation  occurs  between  the  Coal 
Measures  and  Lower  Carboniferous  formations. 

How  far  east  of  the  Mississippi  river  the  unconformable  relations  exist 
is  not  now  known.  However,  along  the  line  where  the  basal  plane  of 
Coal  Measures  dips  beneath  the  eastward  sloping  strata  the  unconfonnity 
is  everywhere  observable. 

The  plane  of  unconformity  at  the  base  of  the  Coal  Measures  represents 
clearly  an  old  land  surface  that  was  subjected  to  erosion  for  a  period 
long  enough  for  the  tilted  strata  to  be  completely  beveled  off  from  the 
Kaskaskia  limestone  down  to  the  Cambrian  sandstones.  During  the 
interval  between  the  deposition  of  the  last  of  the  Lower  Carboniferous 
formations  of  the  r^ion  and  the  Coal  Measures  of  the  Upper  Mississippi 
valley  enormous  denudation  took  place.  Heretofore  the  extent  of  this 
erosion  has  been  little  appreciated. 

TOPOGRAPHY  OF  THB  OLD  LAND  SVRFACS 

The  evidence  already  at  hand  indicates  plainly  that  the  surface  on 
which  the  Coal  Measures  of  the  upper  Mississippi  valley  were  laid  down 
was  quite  diversified.  There  were  hills  and  vales,  differing  in  elevation 
by  several  hundreds  of  feet.  Some  of  these  have  been  especially  noted 
by  Bain  *  and  other  members  of  the  Iowa  Geological  Survey.  There 
were  broad  drainage  basins  and  deep  narrow  gorges.f  In  some  locali- 
ties even  traces  of  extensive  dendritic  stream  systems  are  discernible. 
Some  of  the  most  notable  of  these  are  described  by  Shepard  %  in  south- 
west Missouri. 

If  we  wish  to  get  a  general  conception  of  what  this  old  surface  relief 
actually  was,  we  gather  something  of  its  real  character  by  comparing  it 
with  the  relief  now  existing.  The  topographic  contrasts  are  certainly 
nearly  as  marked  in  the  old  Carboniferous  as  they  are  today  over  the 
same  area. 

SIGNIFICANCE  OF  THB  UNCONFORMITY 

The  phenomenon  under  special  consideration  has  been  generally  re- 
garded as  local  in  its  nature — the  same  as  many  unconformities  occurring 

*  Iowa  Geol.  Sanrey,  vol.  i,  1893,  p.  174. 
t  Missouri  Qeol.  Surrey,  vol.  i,  1991,  p.  167. 
X  Missouri  Geol.  Survey,  vol.  zii,  1898,  p.  127. 
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at  many  horiasons  in  the  Coal  Measures.  That  it  signifies  an  important 
sequence  of  events  has  never  been  sufficiently  emphasized.  That  the 
horizon  is  really  a  great  hiatus  has  never  been  fully  considered.  That 
the  interval  represents  a  period  in  the  history  of  the  region  of  much 
longer  duration  than  it  took  to  form  all  the  Coal  Measures  above  it  is  a 
phase  of  the  subject  never  before  suggested. 

It  has  lately  been  shown  *  that  the  present  Ozark  uplift  is  of  compar- 
ative recent  date — that  is^  not  older  than  Tertiary.  In  considering  the 
r^on  as  it  was  in  Carboniferous  times,  the  dome  must  be  neglected  and 
the  area  regarded  as  forming  a  lowland  plain,  the  same  as  the  rest  of 
the  region  was  known  to  be.  This  is  further  indicated  by  the  fact  that 
on  the  highest  parts  of  the  dome  remnants  of  the  Coal  Measures  are 
Btill  found  on  the  beveled  edges  of  the  older  strata. 

The  oscillation  of  the  Carboniferous  shoreline  in  the  upper  Missis- 
sippi valley  has  already  been  described  in  detail.f  The  evidence  goes 
to  show  that  immediately  after  the  Kaskaskia  beds  were  laid  down  land 
existed  north  of  the  present  Arkansas-Missouri  boundary.  This  was  a 
r^ion  of  profound  and  prolonged  denudation.  South  of  the  line  men- 
tioned sedimentation  continued.  The  land  waste  from  the  northern 
district  was  carried  into  the  southern  waters. 

The  northern  area,  after  the  close  of  the  early  Carboniferous  period, 
being  an  area  of  denudation,  suggests  an  area  to  which  the  waste  was 
carried  and  deposited.  There  is  also  suggested  a  depositional  measure- 
ment of  the  erosional  period. 

Basal  Series  of  Coal  Measures  in  Arkansas 

THICKNB8S  AND  QSIfBRAL  CHARACTBR 

Heretofore  the  Coal  Measures  of  Arkansas  have  been  regarded  as 
anomalous.  They  present  an  enormous  development  as  compared  with 
the  Coal  Measures  of  other  parts  of  the  Mississippi  valley  and  even  of 
other  portions  of  North  America. 

The  thickness  of  the  Coal  Measures  of  the  Arkansas  valley,  as  esti- 
mated by  Branner,t  is  nearly  24,000  feet.  If  present  correlations  be 
correct,  the  highest  of  these  beds  in  Arkansas  are  not  much,  if  any,  above 
the  horizon  of  the  Bethany  limestone  of  Missouri  and  Kansas.  For  the 
deposition  of  such  an  enormous  sequence  there  must  have  existed  ex- 

«  Missouri  Qeol.  Surrey,  vol.  riii,  1896,  p.  351. 
t  Iowa  Oeol.  Survey,  rot.  i,  1893,  p.  118. 
X  Am.  Jour.  ScL  (4),  vol  ii,  1890,  p.  236. 
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ceptional  conditions.  The  great  development  of  the  Coal  Measures  in 
Arkansas  is  not  widespread,  but  is  confined  to  a  comparatively  limited 
area. 

The  noteworthy  feature  in  the  lithology  of  the  Arkansas  Coal  Meas* 
ures  is  their  make-up  of  shales  and  sandstones,  with  an  almost  total 
absence  of  marked  limestones.  While  this  characteristic  is  remarkable 
through  such  an  extensive  succession,  it  points  clearly  to  attendant 
physical  conditions  that  are  unmistakable,  and  that  are  now  known  to 
be  in  perfect  harmony  with  the  historical  record  of  other  parts  of  the 
region. 

.  RBLATIONS  TO  TBS  VNDBRLYIifQ  MI88I8SIPPIAN 

The  Lower  Carboniferous  formations  are  well  understood  in  Arkansas. 
It  is  now  known  that  the  Boone  cherts  are  essentially  the  Augusta  forma- 
tion of  Missouri,  and  are  continuous  with  that  formation  as  developed 
in  the  southwestern  part  of  the  last-mentioned  state.  The  widely  recog- 
nisKcd  Batesville  sandstone  has  been  proved  by  Weller,*  without  much 
doubt,  to  be  the  equivalent  of  the  Aux  Vases  sandstone  of  the  Missis- 
sippi River  region,  the  basal  member  of  the  Kaskaskia  formation. 

It  is  now  generally  agreed  that  the  Boston  group  of  northwestern 
Arkansas  is  the  equivalent  of  the  Kaskaskia  limestone  and  Chester  shales 
of  the  Mississippi  river.  Typical  Kaskaskia  fossils  have  been  found  in 
the  shales  of  this  group  in  the  extreme  northwestern  corner  of  the  state  f 
and  in  the  adjoining  parts  of  Missouri. 

The  exact  line  of  demarkation  between  the  Lower  Carboniferous  and 
the  Coal  Measures  has  not  been  drawn  in  Arkansas.  In  the  northwest- 
ern part  of  the  state,  Simmons,^  without  giving  any  reasons  or  data  for 
deducing  his  conclusions,  has  regarded  a  thin,  shaly  limestone  as  the 
topmost  number  of  the  Mississippian.  As  the  shales  beneath  the  Kessler 
limestone  carry  thin  coal  seams,  with  an  abundant  flora,  it  may  be  that 
these,  as  well  as  the  Kessler,  may  eventually  prove  to  belong  more  prop- 
erly with  Coal  Measures. 

In  this  section  it  is  at  present  uncertain  just  where  the  separating 
line  between  the  Mississippian  and  Coal  Measures  should  be  placed.  In 
the  Boston  mountains  the  stratigraphic  succession  is  apparently  un- 
broken from  the  Boone  chert  (Augusta)  upward.  Above  the  Batesville 
sandstone  the  undoubted  Kaskaskia  beds  upward  assume  more  and 
more  the  character  of  the  Coal  Measures,  and  into  the  latter  the  former 


*  Trans.  New  York  Acad.  Sci.,  toI.  xvi,  1897,  p.  261. 

t  American  Geologist,  vol.  xvi,  1895,  pp.  86-91. 

X  Arkansas  Geol.  Survey,  Ann.  Rept,  vol.  iv,  1688,  p.  104. 
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appear  to  gradually  merge.  Nowhere  in  this  region  has  there  been 
noted  any  evidence  of  unconformable  relationships,  nor  do  any  of  the 
Arkansas  geologists  mention  any  facts  indicating  that  a  stratigraphic 
break  might  exist. 

The  zone  of  uncertain  age  is,  however,  thin,  and  the  basal  line  of  the 
Arkansas  Coal  Measures  may  be  regarded  as  determined  within  very 
narrow  limits. 

All  evidence  at  hand  goes  to  show  clearly  that  in  Arkansas  sedimen- 
tation was  continuous  during  the  Carboniferous  ;  that  enormous  deposits 
were  laid  down  during  the  period,  and  that  while  the  beds  were  being 
formed  there  was  in  the  region  no  marked  orogenic  movement. 

SUPBBIOR  DELIMITATION  OF  BASAL  SB  RIBS 

From  the  north  down  to  the  Arkansas  line  the  Des  Moines  series  of 
the  Coal  Measures  is  well  demarcated  below — by  the  unconformity 
separating  it  from  all  older  rocks.  Its  lowest  horizon  at  this  point  ap- 
pears  to  coincide  with  the  horizon  taken  as  the  base  of  the  Cavaniol 
group  of  Indian  territory,  as  traced  in  detail  by  Drake.  The  Cavaniol, 
in  turn,  is  correlated  in  the  main  with  the  upper  or  western  coal-bearing 
division  or  Poteau  of  Arkansas,  which  also  includes  part  of  the  product- 
ive Coal  Measures. 

The  base  of  the  Cavaniol  group  is  now  taken  to  be  the  Grady  coal. 
This  horizon  may  be  considered  as  limiting  above  the  great  Arkansan 
series  of  the  Coal  Measures.  The  latter  is  therefore  entirely  below  the 
horizon  of  any  part  of  the  Des  Moines  series  as  represented  in  Missouri 
and  farther  north. 

HOMOaSNBITY  OF  THB  ARKANSAN  SERIES 

Notwithstanding  its  tremendous  thickness  in  central  Arkansas,  the 
unusual  development  may  be  considered  as  comparatively  local  in 
nature.  From  bottom  to  top  it  appears  to  represent  practically  the 
»ame  uninterrupted  deposition. 

Although  divisible  into  a  number  of  subordinate  formations,  it  is 
throughout  essentially  a  compact,  homogenous  geological  unit.  Hence 
from  every  standpoint  it  is  thus  best  considered. 

SUBDIVISIONS 

The  Arkansas  geologists  have  not  yet  had  opportunity  to  publish  in 
detail  their  latest  opinions  regarding  the  formations  or  terranes  which 
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they  consider  aa  makinK  up  the  Coat  Measans  of  the  state.     Wiiulow'g 
sdoUon,  however,  is  not  without  interest,  and  is  given  below : 

Sebastian  stage.  Booneville  atttge. 

Spodn  staf{e.  Appleton  BtMge. 

Nortistown  stage.  DanTille  stwte. 

Relations  of  Akkahsan  Skrieb  to  great  Unconformitv 

COBBBLATIOy 

From  the  foregoing  it  is  seen  that  the  Lower  Carboniferous  or  Misaie- 
aippian  series,  irith  its  minor  divisions,  is  well  defined  in  northern 
Arkansas.  The  Kaakaskia  terrane  is  easily  identified,  passing  upward 
south  of  the  Boston  ridge  into  the  Coal  Measures. 


KloDM  l.—Bclatiant  of  Arkanttu  ScTia  (biaek)  totlitutker  Carhoni/trout  Serif. 

The  basal  horiwin  of  the  lowest  Coal  Measures  of  Missouri,  or  Des 
Moines  series,  is  believed  to  extend  southward,  and  to  the  south  of  the 
Arkansas  river  to  coincide  approximately  with  the  Grady  coal  horizon, 
or  the  base  of  the  Cavaniol. 

With  the  base  of  the  Des  Moines  series  of  Missouri  thus  located  in 
Arkansas,  and  the  top  of  the  Lower  Carboniferous  well  defined,  it  leaves 
in  the  south  un  immense  thickness  of  nearly  18,000  feet  of  sediments 
that  are  in  the  north  wholly  unrepresented  by  deposits.  The  18,000  feet 
of  sediments  were  manifeHtly  laid  down  during  the  period  represented 
by  the  stratigraphic  break  at  the  base  of  the  northern  Coal  Measures. 

DSPOSiTtOSAL  MEASURE  OF  EROSIOS  FESIOO 

The  magnitude  of  the  hiatus  at  the  base  of  the  Coal  Measures  of  lovra, 
Missouri,  and  Kansas  is  readily  appreciated  when  we  find  a  place  where 
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wdimentation  uninteiruptec]  attained  a  vertical  measurametit  of  18,000 
feet  The  period  of  which  there  is  no  measurable  record  in  one  part  of 
the  region  findein  an  adjoining  district  sediroentaof  greater  significance 
than  all  the  Coal  Measures  immediately  above  the  break. 

Here,  then,  is  a  case  in  which  on  the  one  side  of  an  old  shoreline  is 
the  land  area  that  suffered  profound  denudation  and  on  the  other  the 
water  area  in  which  sedimentation  was  carried  to  a  prodigious  extent. 
In  point  of  time  one  is  the  exact  equivalent  of  the  other. 

fiStB  OF  THE  OZARK  VFLIFT 

Heretofore  in  the  considerations  of  Paleozoic  stratigraphy  in  the  Mis- 
sissippi basin  the  Ozark  dome  has  been  made  much  of.  This  has  been 
particularly  noticeable  in  the  case  of  the  Coal  Measures.    The  Ozark  isle 


Flsv«(  X—OaThotiifBma  ZlefHwitton  in  EAo  Y/atcta  lateriar  Batin  {black  waiKinj)). 

has  been  a  favorite  theme  to  dwell  on  in  explaining  the  sedimentation 
of  thermion. 

It  has  been  recently  shown  in  a  conclusive  manner  that  the  Ozark  dome 
can  not  be  taken  into  account  in  considering  the  deposition  of  the  Coal 
Measures  of  the  region.  The  present  Ozark  uplift  is  Tertiary  in  ags. 
During  the  deposition  of  Ix)wer  Carboniferous  the  area  occupied  by  the 
dome  was  sea,  in  which  limestone  was  being  deposited.  When  the 
Arkaiisan  series  was  laid  down  the  Missouri  area  was  a  land  surface,  but 
•icuRstal  plain  uf  moderate  relief,  which  laterwas  covered  by  water. 
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The  dome  did  not  rise  as  the  *^  Ozark  isle  "  until  long  after  Carbon- 
iferous sedimentation  had  ceased. 

THICKNESS  OF  THE  CARBONIFEROUS 

The  thickness  of  the  Coal  Measures  of  the  Mississippi  valley  is  greater 
than  anywhere  else  in  the  United  States.  In  two  east-and-west  cross- 
sections,  one  on  the  north  side  of  the  Ozark  dome  and  the  other  through 
the  Arkansas  valley,  are  contrasted  the  Carboniferous  series  which  pre- 
sent about  the  following  measurements : 

♦  Northern     Southern 

section.       sectioD. 

Oklahoman 1,500  1,500 

Miaeourian 2,000  1,500 

Des  Moines 500  3,500 

Arkansan Wanting.  20,000 

Mississippian 1,000  1,500 

Conditions  under  which  Arkansan  Series  was  Deposited 

The  deposition  of  such  an  enormous  mass  of  sediments  as  is  found 
making  up  the  Coal  Measures  of  the  Arkansas  valley  must  have  required 
some  unusual  conditions.  Branner  *  has  attempted  to  explain  the  cir- 
cumstance as  follows : 

*'  If  we  inquire  into  the  reason  for  the  great  thickness  of  Coal  Measure 
sediment  in  the  Arkansas  valley,  I  believe  it  to  be  found  in  the  drainage 
of  the  continent  during  Carboniferous  times.  The  rocks  of  this  series  in 
Arkansas  contain  occasional  marine  fossils,  and  these  marine  beds  alter- 
nate with  brackish  or  fresh  water  })eds,  whose  fossils  are  mostly  ferns  and 
such  like  land  or  marsh  plants.  This  part  of  the  continent  was,  there- 
fore, probably  not  much  above  tide  level.  The  drainage  from  near  the 
Catskill  mountains  in  New  York  flowed  south  and  west.  The  eastern 
limit  of  the  basin  was  somewhere  near  the  Archean  belt,  extending  from 
New  England  to  central  Alabama.  This  Appalachian  watershed  crossed 
the  present  channel  of  the  Mississippi  from  central  Alabama  to  the 
Ouachita  uplift  or  to  a  waterahed  still  farther  south  and  now  entirely 
obliterated  and  buried  in  northern  Ix)uisiana.  In  any  case  the  drainage 
flowed  westward  through  what  is  now  the  Arkansas  valley  between  the 
Ozark  island  on  the  north  and  the  Arkansas  island  on  the  south." 

The  chief  objection  to  this  view  is  that  we  now  know  that  the  northern 
Ozark  isle  and  the  Ouachita  part  of  the  uplift  did  not  exist  as  the  pres- 

*  Am.  Jour.  Sci.  (4),  vol.  ii,  1896,  p.  236. 
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ent  moaniainous  uplifts  in  Carboniferous  times.  North  of  the  Missouri- 
Arkansas  line  the  region  was  land,  to  be  sure,  after  the  Ijower  Carbonif- 
erous marine  beds  had  been  laid  down.  South  of  that  line  sedimentation 
continued  in  deepening  waters.  The  sediments  were  carried  from  the 
north  or  northeast  and  dumped  off  the  shore,  rapidly  building  the  latter 
outward. 

There  may  have  been  a  great  land  area  in  northern  Louisiana,  and 
l)robably  was.  If  so,  what  is  now  the  Arkansas  River  valley  was  a 
broad,  deep  estuary  opening  out  to  the  west,  and  the  sediments  came  in 
from  both  sides,  as  well  as  from  the  head  toward  the  east.    The  condi-  • 

tions  were  then  similar  to  those  presented  now  by  the  lower  Mississippi 
plain.  Only  the  great  embayment  opened  to  the  west  instead  of  to  the 
south. 

The  present  Arkansas  valley,  however,  has  probably  been  formed 
through  erosion  entirely  since  Tertiary  times  and  by  a  system  of  drain- 
age in  no  way  dependent  upon  the  Carboniferous  drainage.  When  the 
great  uplift  of  Missouri  and  Arkansas  rose,  the  northern  part  embracing 
the  so  called  Ozark  isle  and  the  southern  part  comprising  the  Ouachita    Oyi^n^x^f'   ^^<.  ^ 


t « 


mountains,  were  made  up  of  resistant  limestones,  yielded  less  quickly 
to  erosion  than  the  central  soft  shales,  and  the  Arkansas  river,  which  ^h  L< 
happened,  in  the  old  peneplain,  to  traverse  the  central  part  of  the  up- 
lifted area  was  able  to  cut  its  way  down  as  fast  as  the  region  rose,  and 
was  thus  able  to  maintain  its  old  course.  The  present  uplift,  which  is 
due  to  one  general  movement,  is  noW  apparently  divided  into  two  ele- 
vated regions  separated  by  a  broad  valley. 

Recapitulation  • 

Summing  up,  it  may  be  said  that  the  facts  set  forth  in  the  foregoing 
account  indicate  that : 

(1)  The  Coal  Measures  of  the  Western  Interior  basin  find  a  greater 
development  than  in  any  other  locality  known  in  America,  no  less  than 
three  great  series  being  recognizable,  each  of  which  is  as  important  as 
the  combined  series  as  usually  developed  in  Pennsylvania. 

(2)  The  Lower  Coal  Measures  of  the  upper  Mississippi  valley,  though 
resting  in  great  part  directly  on  the  Lower  Carboniferous,  are  in  reality 
high  up  in  the  Carboniferous — in  the  upper  half. 

(3)  The  hiatus  at  the  base  of  the  Coal  Measures  in  the  upper  Missis- 
sippi valley  has  in  the  south  a  depositional  equivalent,  the  importance 
of  which  is  greater  than  the  whole  of  the  Coal  Measures  to  the  north. 
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(4)  The  present  Ozark  uplift  had  no  effect  in  determhiing  the  depo- 
sition of  the  Coal  Measures. 

(5)  The  Poteau  group  of  Arkansas,  the  Cavaniol  of  Indian  territory 
(containing  the  Grady  and  McAlester  coals)  are  practically  coextensive 
with  the  Des  Moines  series  farther  north  (^ Lower  Coal  Measures). 

(6)  The  Poteau  group  of  Indian  territory  (Drake)  corresponds  about 
to  that  part  of  the  Missourian  below  the  Plattsmouth  limestone,  and 
entirely  overlies  the  Poteau  of  Arkansas. 
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iNTRODUCnON 

This  paper  is  the  result  of  a  series  of  observations  taken  during  the 
summer  of  1900.  The  descriptions  cover  that  portion  of  the  shore  be- 
tween point  Detour,  the  northernmost  point  of  the  Wisconsin  mainland, 
and  the  Montreal  river,  the  boundary  between  Wisconsin  and  Michigan. 

Point  Detour  is  at  the  extremity  of  an  unnamed  peninsula  which  juts 
out  into  the  lake ;  it  is  here  called  Chippewa  point.    This  peninsula 
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FiouuK  I.— Chippewa  Point  and  the  Apostle  Group  of  Island*, 

forms  the  western  shore  of  the  indentation  known  as  Chequamegon  bay. 
Lying  about  the  peninsula  and  stretching  across  the  mouth  of  the  bay 
is  a  cluster  of  islands,  the  Apostle  group.  This  paper  deals  with  the 
shore  phenomena  occurring  in  this  bay  and  on  the  Apostle  islands.  It 
is  not  planned  to  enter  into  a  discussion  of  the  older  shore  phenomena, 
but  simply  to  consider  those  which  have  arisen  since  the  lake  reached 
its  present  level. 

General  Geology  of  the  Region 
relatioys  of  rocks  ann  qlacial  material 

At  the  Wisconsin-Michigan  line  the  rocks,  Keweenawan  in  age,  are 
mainly  sandstone  and  shales,  dipping  to  the  northwest  at  high  angles. 
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sometimes  even  reaching  a  vertical  position.  The  Keweenawan  rocks 
continue  to  outcrop  at  rare  intervals  along  the  lake  shore  for  a  distance 
of  four  miles.  At  Clinton  point  the  Cambrian  sandstone  takes  their 
place  and  continues  to  be  the  only  rock  formation  exposed  on  the  lake 
shore  until  Minnesota  is  reached.  The  sandstone,  locally  termed  the 
liake  Superior  sandstone,  is  of  such  importance  tliat  it  will  receive  sep- 
arate treatment,  and  need  not  be  further  considered  at  this  point. 

Generally  the  consolidated  sediments  are  masked  by  glacial  material, 
either  till  or  washed  deposits  of  silt  and  gravel.  The  clay  predominates 
in  all  the  cliffs,  although  washed  deposits  replace  it  in  a  few  instances. 
This  is  especially  true  of  the  shores  at  the  foot  of  Chequamegon  bay. 
The  thickness  of  the  glacial  debris  is  great  and  effectually  hides  the  un- 
derlying formations. in  most  localities,  except  where  wave  action  has 
removed  the  glacial  deposits.  A  well-boring  at  Ashland  shows  that  the 
glacial  drift  at  that  point  is  about  300  feet  thick. 

LAKE  SUPERIOR  SANDSTONE 

Equivalency  and  general  character, — The  Lake  Superior  sandstone  has 
been  derived  from  the  Penokee  and  Douglas  ranges,  whose  ridges  still 
rise  conspicuously  above  the  ejeneral  level  of  the  region.  The  sandstone, 
which  is  probably  the  equivalent  of  the  Potsdam,  is  a  highly  felruginous, 
thick-bedded  rock.  The  iron  present  does  not  act  as  a  cement ;  it  simply 
coats  the  grains  of  silica,  which  chiefly  compose  the  formation.  The 
cement  is  silicious  and  is  usually  present  in  such  quantities  as  to  render 
the  rock  very  resistant  to  weathering.  Fine  clay  frequently  forms  the 
matrix  of  the  sandstone,  and  in  such  cases  the  sandstone  is  friable  and 
weathers  readily.  The  clay  often  becomes  so  abundant  that  the  rock 
takes  on  shaly  characteristics  and  becomes  laminated.  This  is  true  of 
the  exposures  at  the  north  end  of  Sand  island.  In  addition  to  its  dis- 
semination throughout  the  sandstone,  the  clay  often  occurs  in  lenticular 
masses,  varying  in  size  from  a  fraction  of  an  inch  to  a  diameter  of  sev- 
eral feet.  Apparently  they  are  not  nodular  in  character,  but  are  masses 
of  clay  which  accumulated  as  the  sand  was  deposited.  Weathering 
readily  removes  these  accumulations,  giving  the  rock  a  characteristically 
pitted  appearance.  • 

Cross-bedding. — Cross-bedding  is  a  common  feature  of  the  sandstone ; 
it  occurs  in  all  of  the  layers  exposed  to  examination.  Its  most  char- 
acteristic habit  is  the  large  scale  on  which  the  flow  and  plunge  structure 
is  developed.  This  becomes  especially  noticeable  along  the  shore  of  the 
lake,  where  the  waves  have  removed  the  soil  and  left  a  large  area  of  rock 
surface  exposed.  In  such  localities  the  structure  reminds  one  of  the 
arrangement  of  blocks  in  an  ice  jam. 
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Ripple-marks, — Ripple-marks  are  another  common  feature  of  the  sand- 
stone. Three  types  are  recognizable,  each  of  which  is  abundant.  The 
first  type  is  one  in  which  the  two  slopes  of  the  ripple-marks  are  unequal, 
both  in  length  and  pitch,  and  the  crest  is  sharp  normally.  This  type  oc- 
curs in  those  layers  which  contain  a  large  percentage  of  clay,  and  are  for 
that  reason  more  impressionable.  In  the  second  type  the  two  slopes  are 
nearly  equal  and  the  crest  is  rounded.  The  third  type  is  one  in  which 
two  sets  of  ripple-marks  intersect  at  varying  angles,  two  sets  of  ridges 
being  thus  formed,  between  which  lie  rudely  quadrilateral  depressions. 

Mudrcrachs. — Associated  with  the  ripple-marks,  often  on  the  same 
slab,  are  abundant  mud-cracks.  Frequently  iron  has  segregated  in  the 
original  cracks,  and  on  exposed  surfaces  the  more  resistant  iron  stands 
out  in  welt-like  ridges. 

Pebbly  sandstone. — Thin  bands  of  pebbles  occur  in  the  sandstone,  oc- 
cupying small  areas.  The  pebbles  are  usually  well  water-worn  and 
carefully  assorted.  These  features  of  the  sandstone,  together  with  those 
above  mentioned,  indicate  the  shallow-water  conditions  under  which 
the  sandstone  was  laid  down. 

Thickness, — A  well-boring  at  Ashland  shows  that  the  sandstone  at  that 
point  is  over  2,500  feet  thick.  The  sandstone  thins  out  toward  the  con- 
tact with  the  Keweenawan  southward.  It  is  reasonable  to  suppose  that 
it  also  thins  out  to  the  north  as  tlie  distance  from  the  original  source  of 
supply  increases.  It  is  probable  that  the  thickness  at  Ashland  repre- 
sents, approximately,  a  maximum. 

« 

General  Topography  of  the  Region 


The  most  prominent  to[)Ograpliic  feature  of  the  area  under  considera- 
tion is  the  Penokee  and  Douglas  ranges,  the  former  of  which  rises  to  a 
height  of  1,000  feet  above  the  level  of  the  lake.  At  the  Montreal  river 
the  foot  of  the  range  forms  the  lake  shore,  a  low  cliff,  whose  face  is  the 
dip  plane  of  the  rocks.  Immediately  across  the  river  the  range  trends 
to  the  southwest,  gradually  diverging  from  the  westward  trend  of  the 
shore.  The  highest  portions  of  the  Penokee  range  in  Wisconsin  are  15 
miles  from  the  lake.  ^ 

The  north  face  of  the  range,  at  the  contact  with  the  sandstone,  is  a 
steep  escarpment  of  varying  height.  This  north  ward- facing  cliff  is  with- 
out question  a  fault  scarp.*  This  is  shown  by  the  extreme  brecciation 
of  the  rocks  at  the  contact ;  also  by  the  upturned  condition  of  the  sand- 
stone, which  is  on  the  down-throw  side.  No  exact  figures  can  be  given 
as  to  the  amount  of  the  displacement,  but  it  probably  amounts  to  several 
hundred  feet.    The  width  of  the  zone  of  brecciation  and  the  upward 


^Grant :  Copper-boar  lag  Rocks  of  Douglas  Co.,  Bull.  Wis.  Geol.  Sur.  No.  6,  pp.  17, 18. 
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bending  of  the  sandstone  back  to  some  distance  from  the  fault  plane  in- 
dicate considerable  movement.  It  is  not  to  be  asserted  that  the  contact 
between  the  Keweenawan  and  the  Potsdam  is  everywhere  expressed  in 
a  fault,  but  this  is  a  common  relationship.  The  contact  is  everywhere 
one  of  unconformity,  whether  faulting  has  taken  place  or  not. 

The  ranges  extend  across  the  state  to  the  Saint  Croix  river,  but  in  ever 
diminishing  prominence  as  topographic  features.  The  rocks  composing 
the  range  dip  sharply  to  the  northwest  and.  form  the  southeastern  bound- 
ary of  the  great  syncline  in  which  the  western  portion  of  lake  Superior 
lies.  South  of  Ashland  the  range  divides,  one  portion  extending  up  into 
Chippewa  point,  forming  the  backbone  of  that  peninsula.  The  other 
portion,  as  already  indicated,  trends  across  the  state  and  extends  into 
Minnesota.  To  these  ancient  ranges  is  due  much  of  the  ruggedness  of 
the  region.  No  very  characteristic  topography  occurs  within  the  ranges. 
Frequently  sharp  ridges  are  found,  though  a  low,  broad  ridge  is  more 
common.  The  original  topography  is  greatly  altered  by  glacial  deposits, 
and  on  that  account  it  is  difficult  to  definitely  characterize  the  topog- 
raphy.   The  mountain  summits  form  a  very  even  skyline  as  a  whole. 

Between  the  ranges  and  the  lake  there  lies  a  narrow  plain,  averaging 
8  miles  in  width.  The  underlying  rock  is  the  Lake  Superior  sandstonev 
already  described.  It  rarely  appears  at  the  surface  in  outcrops,  as  it  is 
effectually  hidden  by  glacial  debris.  The  sandstone  rises  high  on  the 
flanks  of  the  ranges,  in  some  cases  200  feet  above  the  level  of  the  lake. 
From  this  height  it  slopes  gradually  toward  the  lake,  where  it  appears 
in  cliffs  which  never  exceed  a  height  of  60  feet.  The  surface  deposits 
consist  of  an  underlying  till  covered  by  washed  deposits  of  silt.  All  of 
the  glacial  deposits  have  an  intense  red  and  reddish  brown  color,  due  to 
the  large  iron  content,  a  characteristic  which  is  prominent  in  all  of  the 
Lake  Superior  deposits. 

Moat  of  the  streams  of  the  region  rise  on  the  northern  slopes  of  the 
ranges,  though  a  few  of  the  master  streams,  like  the  Montreal  and  the 
Bad,  break  through  the  ridges  in  narrow  gorges,  locally  termed  "gaps." 
Where  the  streams  pass  from  the  older  rocks  to  the  sandstone,  falls  and 
rapids  usually  occur.  These  streams  traverse  the  sandstone  belt  in  nar- 
row meandering  canyons,  which  indicate  the  comparative  youthfulness 
of  the  rivers.  The  opportunity  for  the  erosion  of  these  gorges  has  come 
about  through  the  slow  withdrawal  of  the  lake,  though  earth  movements 
may  have  been  a  factor  as  well.  The  position  of  the  lake  level  is  the 
position  of  local  baselevel,  and  as  the  lake  has  been  lowered,  the  local 
baselevel  has  been  reduced  correspondingly.  New  opportunities  for 
stream  erosion  have  been  given  with  this  constant  lowering  of  the  lake 
level  from  the  Duluth  stage  to  the  present  time.    This  could  take  place 
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without  the  intervention  of  earth  movements  as  a  necessary  accompani- 
ment. The  depth  of  the  stream  gorges  rarely  exceeds  100  feet,  and  the 
energy  of  the  streams  is  expended  chiefly  in  deepening  the  channel  rather 
than  in  any  attempt  to  widen  it.  The  rivers  are  not  graded,  and  there 
is  a  coi>stant  succession  of  falls  and  rapids.  The  most  important  fall  in 
the  region  is  that  of  the  Montreal  river  within  half  a  mile  of  the  Superior 
shore.  There  is  a  plunge  of  100  feet  in  a  series  of  cascades,  the  last  one 
of  which  is  40  feet  high.  The  fall  is  probably  an  inherited  one,  coming 
from  the  Keweenaw-Potsdam  contact,  which  lies  at  some  distance  out  in 
the  lake  at  present. 

There  is  no  objection  to  the  supposition  that  the  sandstone  once  covered 
the  foothills  of  the  Penokee  range,  and  that  the  fall  began  at  the  contact 
of  the  two  formations  as  a  result  of  its  passage  from  the  harder  rocks  of 
the  Keweenawan  to  the  weaker  layers  of  the  Potsdam. 

On  the  whole  the  topography  of  the  sandstone  belt  is  not  marked  by 
any  conspicuous  features ;  the  plain  is  smooth  and  without  marked  prom- 
inences. Stream  erosion  is  responsible  for  the  only  notable  topographic 
characters. 

The  topography  of  the  Apostle  islands  is  similar  to  that  of  the  sand- 
stone belt  on  the  mainland.  The  inner  islands  are  more  rugged  than 
the  outer  ones,  the  latter  being  flat,  table-like  areas  of  rock  without  much 
glacial  debris  resting  on  them.  On  the  whole,  the  former  are  covered 
with  a  much  heavier  mantle  of  drift  than  are  the  latter.  The  trend  of 
the  islands  and  of  the  channels  separating  them  corresponds  to  the 
general  trend  of  the  pre-Glacial  valleys  and  of  the  shoreline  on  the  main- 
land. This  indicates  that  the  islands  have  resulted  from  the  drowning 
of  pre-Glacial  valleys  and  the  consequent  isolation  of  the  higher  portions 
of  the  land  surface.  Well  developed  valleys,  probably  of  pre-Glacial 
origin,  are  found  on  the  mainland  at  the  present  time,  which  are  con- 
.  nected  with  each  other  by  sags  over  the  intervening  divid^.  A  slight 
de[)ression  of  the  land  would  cause  the  flooding  of  these  valleys  by  the 
waters  of  the  lake  and  the  formation  of  several  new  islands.  Should 
the  lake  level  rise  30  feet,  the  promontory  which  lies  between  Bufialo  bay 
and  Frog  bay  would  be  cut  off'  from  the  mainland  and  an  island  would 
result.  If  the  lake  level  should  rise  50  feet,  Detour  point  would  be  cut 
off"  and  an  island  formed,  and  the  same  is  true  of  Bark  point  and  Siskiwit 
point.  In  such  cases  it  is  natural  that  the  trend  of  the  islands  should 
agree  with  that  of  the  mainland.  > 

On  the  contrary,  should  the  lake  level  be  lowered,  not  only  would  the 
islands  be  increased  in  size,  but  a  number  of  them  would  disappear  as 
islands  and  would  again  become  mainland  ridges  and  promontories.  A 
lowering  of  the  lake  to  the  amount  of  10  feet  would  cause  Sand  island 
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to  be  joined  to  the  mainland.  A  redaction  in  level  of  50  feet  would  re- 
sult in  the  obliteration  of  the  following  islands  :  Raspberry,  York,  Oak, 
and  Basswood.  If  the  lake  should  be  lowered  60  feet,  Bear  island  would 
be  joined  to  Raspberry,  Otter  to  Oak,  South  Twin  to  Rocky,  Michigan  to 
Madeline,  and  Madeline  to  the  mainland.  The  islands  are  simply  a 
phase  in  the  history  of  the  lake,  their  existence  or  their  obliteration  de- 
pending on  relatively  slight  fluctuations  of  the  lake  level. 

A  brief  statement  regarding  the  topography  of  the  lake  bottom  should 
be  given,  in  addition  to  what  has  been  said  regarding  the  land  surface. 
Along  the  Michigan  and  Minnesota  shores  there  is  a  sudden  descent 
from  the  shoreline  to  the  one-hundred-fathom  line.  This  is  due  to  the 
fact  that  the  Keweenawan  rocks,  which  form  the  shores,  dip  at  high 
angles  and  plunge  rapidly  to  considerable  depths.  The  reverse  is  true 
on  the  Wisconsin  shore.  Here  the  rocks  are  not  the  steeply  dipping 
members  of  the  Keweenawan  synclinal,  but  are  composed  of  Potsdam 
sandstones  in  horizontal  beds.  These  Potsdam  sediments  have  filled 
the  western  end  of  the  syncline  in  large  part  and  deeply  buried  the 
Keweenawan.  On  this  account  there  is  a  marked  contrast  between  the 
Michigan  and  Wisconsin  shores,  both  in  respect  to  trend  and  in  respect 
to  topography.  The  twenty- fathom  line  approaches  the  Minnesota  shore 
within  a  mile  or  two.  In  Wisconsin,  on  the  contrary,  it  passes  outside 
the  Apostle  group  at  a  distance  of  20  miles  from  the  mainland.  On  ap- 
proaching Michigan  it  returns  in  close  proximity  to  the  shore  again. 
The  fifty-fathom  line  parallels  the  twenty-fathom  line  approximately. 
It  passes  far  out  around  the  Apostle  islands,  at  a  distance  of  30  miles 
from  the  mainland.  As  it  approaches  the  Minnesota  shore,  however,  it 
returns  close  to  the  shore  once  more.  The  arrangement  of  these  con- 
tours indicates  that  a  plateau  oV  rock  extends  to  some  distance  into  the 
lake,  and,  in  addition,  it  shows  that  the  plateau  is  an  extension  of  Chip- 
pewa point.  The  extent  of  this  platform  gives  an  intimation  of  the 
widespread  distribution  of  the  Potsdam  sediments.  It  also  indicates 
the  degree  to  which  the  ancient  Lake  Superior  synclinal  was  filled  at  its 
western  end. 

Recent  Changes  in  Lakk  Lkvkl 

Before  discussing  the  shore  formations  it  will  be  necessary  to  consider 
certain  of  the  recent  changes  in  the  level  of  the  lake,  because  these 
changes  have  a  bearing  on  the  deposition  of  the  shore  formations  and 
on  their  extent.  As  is  well  known,  the  Pleistocene  stages  of  the  lake 
were  higher  than  the  present  stage  by  several  hundred  feet.  The  low- 
ering of  level  has  been  one  of  the  marked  features  of  the  lake  history, 
and  this  has  not  been  accomplished  wrihout  oscillations,  for  there  have 
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been  times  when  the  waters  advanced  on  the  land  instead  of  receding 
from  it;  but  these  were  temporary  stages.  The  tbtal  result,  however,  has 
been  a  gradual  recession  of  the  lake  level  to  its  present  position.  The  last 
well  defined  stage,  before  the  present  one,  may  be  called  the  Madeline 
stage,  from  the  fact  that  the  benches  made  by  it  are  well  defined  on 
Madeline  island.  At  that  time  the  lake  stood  at  least  10  feet  higher 
than  at  present.  The  terrace  made  during  this  stage  is  characterized 
by  its  distinctness.  A  few  sea-cliffs,  also  of  this  period,  are  found  at 
some  distance  from  the  present  shore  of  the  lake,  and  they,  too,  retain 
their  original  features  in  a  marked  degree.  In  all  probability  the  ter- 
race and  cliff  are  of  recent  origin. 

Closely  associated  with  the  sea-cliff  and  the  bench  at  its  foot  there  are 
spit  formations,  in  two  instances  at  least.  The  spits  were  formed  evi- 
dently during  the  retreat  of  the  lake  from  the  Madeline  stage  to  a  lower 
stage.  As  the  lake  level  was  lowered  the  spits  were  built  out,  until  the 
Grant  Point  spit  at  the  south  end  of  Madeline  island  exceeded  a  length 
of  one  mile.  This  length  was  obtained  during  the  time  of  maximum 
withdrawal  of  the  lake. 

Succeeding  this  maximum  withdrawal  there  has  now  appeared  a  re- 
advance  of  the  lake  on  the  land.  This  apparent  rise  of  the  lake  is  shown 
by  two  proofs:  (a)  The  destruction  of  shore  deposits,  especially  spits 
and  bars,  and  (6)  the  drowning  of  the  lower  courses  of  streams  which 
empty  into  the  lake.  Under  the  first  head  may  be  mentioned  the  de- 
struction of  spits  such  as  that  on  the  south  end  of  Madeline  island,  or 
of  bars  such  as  the  Chequamegon  Point  bar.  The  former  may  be  taken 
as  a  type  of  the  waning  shore  deposits.  According  to  well  authenticated 
tradition,  this  spit  once  extended  for  a  distance  of  6,000  feet  from  the 
south  shore  of  the  island.  Nothing  is  now  left  but  a  shoal  to  mark  its 
former  extent.  This  shoal  shows  that  the  extent  of  the  spit  has  not  been 
exaggerated.  It  extends  into  the  ship  channel  for  a  distance  of  at  least 
one  mile.  The  shoal  is  a  destructional  form,  not  a  constructional  one; 
it  could  not  be  formed  under  present  conditions  as  a  constructional 
shoal ;  it  is  simply  the  foundation — a  remaining  remnant — of  the  Grant 
Point  spit.  It  is  the  testimony  of  a  number  of  old  residents  on  Madeline 
island  that  the  spit  extended  out  into  the  channel  at  least  2,000  feet 
within  60  years.  The  destruction  of  the  spit  has  been  a  comparatively 
rapid  one,  therefore.  What  is  here  stated  with  regard  to  this  particular 
formation  is  also  true  of  others,  but  exact  statements  are  wanting.  The 
only  reasonable  explanation  of  this  rapid  destruction  of  spits  is  that 
already  indicated,  namely,  the  advance  of  the  lake  on  the  shore,  due 
apparently  to  rise  of  lake  level.  In  this  connection  it  may  be  of  \'alue 
to  refer  to  Gilbert's*  **  Recent  earth  movements  in  the  Great  Lakes  re- 
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gion.'^  This  article  advancos  evidence  which  indicates  a  southwast  tilt- 
ing of  the  region  described.  In  the  case  of  lake  Superior  this  tilting 
inovcinent  would  flood  the  head  of  the  lake,  causing  an  apparent  rise 
of  the  lake  level.  One  of  the  results  of  this  rise  would  be  the  destruc- 
tion of  shore  deposits  made  while  the  lake,  stood  at  lower  levels.  The 
destruction  of  the  spits  already  noted  tends  to  confirm  the  truth  of 
Gilberts  contention  that  the  lake  is  invading  the  land  because  of  a 
southwest  tilting  of  the  lake  region.  The  direction  of  tilting  is  assumed 
by  Gilbert  to  be  south  27  degrees  west — that  is,  the  movement  is  more 
to  the  south  than  to  the  west.  This  is  undoubtedly  true,  and  it  may  be 
questioned  whether  the  movement  is  not  even  more  to  the  south  than 
he  has  assumed.  It  is  within  bouilds  to  say  that  the  maximum  rate 
of  bar  destruction  takes  place  about  Chequamegon  bay;  but  if  the  tilting 
were  well  to  the  west  this  would  not  be  true,  since  under  such  circum- 
stances the  maximum  attack  would  be  on  the  bars  at  the  head  of  the 
lake.  On  the  other  hand,  if  the  tilting  is  more  southerly  the  tendency 
would  be  to  cause  a  maximum  destruction  anywhere  on  the  south  shore, 
where  wave  action  is  most  violent.  Under  the  present  conditions  of  ex- 
posure, other  things  being  equal,  the  bars  and  spits  about  Chequamegon 
bay  will  suffer  greater  destruction  than  the  bars  at  the  head  of  the  lake. 
This  is  in  part  due  to  the  fact  that  wave  action  has  its  effectiveness  re- 
duced by  reason  of  the  gradual  contraction  of  the  banks  of  the  lake  in 
the  neighborhood  of  Duluth  and  Superior. 

The  second  proof  of  apparent  rise  of  the  lake  is  the  flooding  of  the 
lower  courses  of  streams.  Some  of  the  larger  streams  have  true  estuaries. 
This  is  especially  true  of  Saint  Louis  river  at  the  head  of  the  lake.  In 
a  lesser  degree  the  Bois  Brul6,  the  Kaukaugon,  and  the  Bad  rivers  pos- 
sess the  same  features.  They  are  all  broad  and  deep  streams,  when  the 
limited  extent  of  their  drainage  areas  is  considered.  As  these  streams 
approach  the  lake,  the  current  becomes  more  sluggish  and  they  take  a 
meandering  course  to  their  outlet.  The  swamps  through  which  they 
pass  in  the  lower  part  of  their  course  are  flooded  in  the  vicinity  of  the 
stream,  though  relatively  dry  and  flrm  away  from  it.  This  is  due  to  the 
backing  up  of  the  lake  waters  into  the  river  and  the  consequent  flooding 
of  the  region  in  the  neighborhood  of  the  river.  All  of  the  streams  on 
the  south  shore  of  the  lake  in  Wisconsin  show  drowned  features,  though 
there  are  difierences  in  the  degree  of  the  drowning.  If  the  tilting  of  the 
land  is  to  the  southwest,  an  increasing  amount  of  drowning  should  be 
expected  as  the  head  of  the  lake  is  approached.  The  writer  is  unable 
to  find  satisfactory  evidence  of  such  progressive  increase  of  drowning^ 
It  is  true  that  Saint  Louis  river  exhibits  the  estuarine  features  on  a  larger 
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scale  than  other  streams,  but  this  is  what  might  be  expected  on  the  sup- 
position that  the  southwest  tilting  of  the  land  has  crowded  the  waters 
of  the  lake  toward  its  head.  The  Saint  Louis  is  the  master  stream  of  the 
region.  Before  the  tilting  took  place,  it  had  eroded  a  much  wider  an<i 
deeper  valley  than  other  streams  had  been  able  to. do.  As  a  result  the 
Saint  Louis  would  naturally  show  the  drowned  features  in  a  greater  de- 
gree than  any  other  stream  in  the  region.  If  a  series  of  streams  possess- 
ing approximately  the  same  size  be  taken  between  sPoint  Detour  and 
West  Superior,  progressive  drowning  might  be  shown  if  the  conditions 
affecting  these  streams  are  the  same.  The  writer  has  been  unable  to 
find  any  evidence  of  an  increase  in  the  amount  of  drowning  of  such 
streams  toward  the  head  of  the  lake.  However,  this  proves  little,  for 
local  conditions  mav  mask  or  whoUv  obliterate  evidence  of  this  kind. 
The  quite  uniform  conditions  of  drowning  of  streams  along  the  Wisconsin 
shore  tends  to  confirm  the  statement  already  made  that  the  direction  of 
tilting  is  southerly  rather  than  westerly.  Under  such  conditions  the 
drowning  of  the  streams  would  be  approximately  the  same  all  along  the 
Wisconsin  shore  of  the  lake. 

Shore  Formations 

CHBQUAMEGOy  BAY  AND  ITS  HISTORY 

The  present  bay  has  existed  only  during  post-Pleistocene  time,  but  a 
much  larger  bay  existed  here  after  the  folding  of  the  Keweenawan  rocks. 
This  ancient  bay  occu[)ied  one  of  the  two  minor  synclines  into  which 
the  Ijake  Su[)enor  synclinal  was  divided  as  a  result  of  the  folding.  At 
the  opening  of  the  Potsdam  the  bay  had  an  area  of  at  least  375  s({uare 
miles.  Tliis  area  was  greatly  reduced  by  the  accumulation  of  Potsdam 
sediments  within  tlie  Cliequamej^on  syncline.  Judging  from  the  fact 
that  Potsdam  sandstone  is  found  high  on  the  flanks  of  the  syncline,  it 
is  probable  that  the  syncline  was  largely,  if  not  wholly,  filled  by  Pots- 
dam sediments.  During  the  interval  between  the  close  of  the  Potsdam 
and  the  opening  of  the  Pleistocene  the  sandstone  was  removed  from  the 
syncline,  in  part,  by  the  various  agencies  of  erosion,  and  a  new  basin 
thus  resulted.  During  the  Pleistocene  the  basin  was  modified  by  ice- 
action  to  an  unknown  degree.  When  the  present  regime  opened,  a  basin 
of  considerable  size  existed,  ready  to  be  occupied  by  the  postglacial 
waters.  During  the  Madeline  stage,  the  area  of  the  bay  was  about  75 
square  miles.  Its  present  area  is  nearly  45  square  miles.  This  area  is 
being  reduced  continually  by  the  encroachment  of  marsh  deposits.  The 
water  of  the  bay  is  shallow,  nowhere  exceeding  30  feet  in  depth,  with  an 
average  depth  of  less  than  20  feet.  A  bar  which  has  been  thrown  across 
the  mouth  of  the  bay  has  facilitated  the  accumulation  of  sediments. 
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There  are  30  square  miles  of  marsh  deposit  behind  this  bar  at  present, 
and  these  deposits  are  being  extended  at  a  rapid  rate. 
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Beginning  of  Chequamegon  Point  bar. 
Marsh  forming  behind  the  bar. 
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Original  bay. 
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Union  of  Oak  Point  and  Bad 
River  bars. 


FiauRK  2. — Hifftory  of  Cheqtunnegon  Bay. 

The  different  stages  in  the  history  of  the  present  bay  are  illustrated 
in  figure  2.  An  outline  of  the  changes  which  have  taken  place  will  now 
be  given. 

OAK  POINT  BAB 

The  first  step  in  the  modification  of  the  bay  was  the  formation  of  a 
bar  now  known  as  Oak  point.  This  bar  was  formed  parallel  to  the  then 
existing  east  shore  of  the  bay,  at  a  distance  of  several  miles  from  the 
shore.  The  original  bar  was  about  5  miles  long.  It  is  still  well  pre- 
served, and  its  features  can  be  studied  readily.     It  is  a  broad  bar,  aver- 
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aging  100  rods  in  width,  and  is  made  up  of  several  parallel  ridges,  the 
oldest  of  which  lie  inside  the  bar  toward  the  mainland. 

Behind  the  bar  is  an  extensive  marsh,  which  reaches  across  to  the 
former  shoreline  of  the  bay.  In  general  the  marsh  is  well  developed. 
Tamaracks  grow  in  many  portions  of  it.  It  has  reached  a  higher  degree 
of  development  than  any  other  marsh  of  the  region,  and  for  this  resison 
it  is  assumed  that  it  is  the  oldest  marsh  in  Chequamegon  bay. 

The  formation  of  a  marsh  in  an  exposed  body  of  water,  such  as  Che- 
quamegon bay,  presupposes  the  existence  of  a  barrier,  behind  which  the 
marsh  deposit  may  accumulate.  The  older  the  marsh,  the  older  the 
barrier,  other  things  being  equal.  Because  the  Oak  Point  marsh  is  the 
oldest  of  that  type  of  formation,  it  is  assumed  that  Oak  Point  bar,  which 
lies  in  front  of  it,  is  the  oldest  of  the  bar  formations  in  Chequamegon 
bay.  It  may  be  questioned  whether  the  relative  age  of  a  l)ar  can  he 
determined  by  means  of  the  character  of  the  deposits  behind  it.  In  tlie 
case  of  the  Chequamegon  Bay  deposits  it  is  believed  that  the  meth<Kl  is 
applicable,  under  the  conditions  which  exist  in  that  region. 

BAD  RIVER  BAR 

The  second  step  in  the  modification  of  the  bay  was  the  formation  of  a 
bar  which  connected  the  mainland  with  Oak  Point  bar.  This  bar  is 
called  Bad  River  bar,  because  Bad  river  breaks  through  it  in  its  passage 
to  the  lake.  The  bar  extends  from  the  point  where  the  old  shoreline  of 
Chequamegon  bay  turned  abruptly  from  its  northwest  trend  to  the  south- 
west, a  |)oint  about  3  miles  east  of  Bad  rivfer. 

Evidently  the  bar  began  as  a  spit,  which  formed  because  of  the  abrupt 
change  in  the  trend  of  tlie  coast  line.  The  spit  gradually  became  ex- 
tended until  it  joined  Oak  Point  bar.  The  two  combined  formed  a  hook 
nearl}'  9  miles  long.  Bad  River  bar  is  very  narrow,  averaging  but  a  few 
rods  in  width.  It  consists  of  a  single  ridge,  whose  upper  portion  is  com- 
posed of  wind-blown  sands.  Apparently  no  deposition  is  going  on  in 
connection  with  the  bar,  and  a  well  defined  nip  is  seen  all  along  the  lake 
side  of  the  bar.  Marsh  deposits  completely  fill  the  lagoon  behind  the 
bar.  The  Bad  river  traverses  the  marsh,  being  deflected  to  the  west  as 
it  approaches  the  bar.  The  mouth  of  the  river  is  migrating  westward 
continually.  This  fact  is  shown  by  the  pronounced  nip  on  the  west  bank 
of  the  stream,  and  also  by  the  fact  that  a  spit  is  forming  on  the  east  bank, 
pushing  its  way  across  the  river  and  deflecting  it  more  and  more  to  the 
westward. 

CHEQUAMEGON  POINT  BAR 

The  third  step  in  the  history  of  the  bay  was  the  formation  of  the  long 
hook  sliai>ed  bar  locally  called  Long  island.     This  bar  consists  of^two 
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portions,  which  were  formed  probably  at  different  times.  One  portion, 
the  west  end,  is  a  broad  bar  made  up  of  several  parallel  ridges.  The 
other  portion,  the  east  end,  is  a  single  narrow  ridge,  which  joins  the  ex- 
panded western  portion  to  Oak  Point  bar. 

The  broad  portion  of  Chequamegon  Point  bar  lies  parallel  to  Oak  Point 
bar.  It  is  the  oldest  part  of  the  bar,  and  was  tied  to  the  other  bars  by  a 
spit,  which  formed  at  the  abrupt  bend  made  by  the  junction  of  Oak 
Point  and  Bad  River  bars.  Naturally  at  this  point  a  spit  would  develop, 
and  the  development  continued  until  the  spit  joined  the  Chequamegon 
Point  bar.  The  total  length  of  the  completed  bar  is  about  10  miles. 
This  bar  is  so  recent  in  origin  that  no  noteworthy  deposits  have  been 
formed  behind  it :  those  which  do  occur  are  found  chieflv  in  the  narrow 
lagoon  between  Oak  Point  bar  and  Chequamegon  Point  bar.  The  com- 
pleted Chequamegon  Point  bar  is  a  hook  similar  to  Oak  Point  bar.  For 
more  than  half  of  its  length  the  bar  is  very  narrow,  consisting  of  a  single 
ridge,  whose  structure  is  due  in  part  to  wind  action.  Shifting  sands  move 
across  the  narrow  strip  from  the  lake  to  the  bay  and  form  dunes  of  small 
extent.  In  dts  wider  portion,  the  bar  is  made  up  of  several  parallel 
ridges,  between  whose  depressions  the  lagoons  and  marshes  occur.  The 
largest  of  the  lagoons  lies  on  the  bay  side  of  the  bar,  and  extends  4  miles 
parallel  to  the  bay  shore.  The  ridges  have  been  formed  one  after  the 
other,  the  oldest  being  situated  on  the  bay  side.  The  older  ridges  are 
covered  with  thickets  of  "jack  "  pine,  but  the  younger  ridges  are  desti- 
tute of  vegetation  or  carry  small  quantities  of  lichens,  such  as  Cladonia, 
or  scattered  clumps  of  the  "  sand-cherry."  Pronounced  nip  occurs  on 
the  lake  side  of  the  bar  for  much  of  its  length,  indicating  the  general 
destruction  of  the  bar. 

Toward  the  west  end  of  the  hook  deposition  is  going  on,  but  it  occurs 
only  within  narrow  limits.  The  deposition  takes  the  form  of  a  shoal 
which  lies  out  in  the  lake  a  few  rods,  evidently  the  precursor  of  a  new 
ridge.  The  bar  as  a  whole  was  quite  intact  until  the  year  1891.  Inlets 
had  been  made  through  it  before  that  time,  but  these  speedily  closed  up 
under  continued  wave  action.  In  the  year  mentioned  the  bar  was 
breached  at  two  points  during  a  series  of  severe  northeast  storms.  The 
passages  thus  made  have  remained  open  to  the  present  time  and  are 
continually  growing  wider.  These  passages  are  locally  termed  '*  sand- 
cuts/'  and  that  appellation  will  be  used  in  this  paper. 

In  all  probability  the  wind  does  the  preliminary  work  in  preparation 
for  the  sand-cuts.  They  are  formed  only  on  the  narrow  portions  of  the 
bar,  where  there  is  comparatively  little  material  to  be  removed.  The 
first  step  in  the  formation  of  a  sand-cut  is  the  development  of  a  depres- 
sion across  the  ridge  of  sand  composing  the  bar.     This  depression  is 
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produced  by  the  wind,  which  gouges  out  funnel-shaped  depressions  in 
the  loose  sand.  The  wind-gouged  funnel  is  finally  developed  into  a  de- 
pression which  extends  across  the  bar.  Several  fuiuiels  now  exist  on 
the  bar  near  the  sand-cuts.  They  are  cone-shaped,  with  a  depth  of  from 
6  to  8  feet  and  a  diameter  at  the  top  of  from  12  to  15  feet.  The  wind 
tends  to  remove  the  sand  from  either  side  of  the  depression,  and  a  gap 
results  which  may  extend  across  the  bar.  During  severe  storms  the 
waves  reach  these  gaps,  and  they  speedily  erode  a  channel  through  them. 
It  is  believed  that  the  preliminary  work  of  the  wind  is  a  very  essential 
factor  in  the  formation  of  the  sand-cuts.  During  storms  the  waves  run 
high  on  the  face  of  the  bar.  Their  destructive  work  is  offset  in  large 
measure  by  their  constructive  work  irt  such  localities.  On  this  account 
the  waves  are  not  able,  as  a  rule,  to  breach  the  bar  of  their  own  accord. 
If,  however,  a  depression  already  exists,  such  as  those  made  by  the  wind, 
the  water  is  poured  through  it  during  storms,  and  a  passage  is  soon 
eroded  in  the  uncompacted  sands.  In  such  cases  as  these  a  relatively 
feeble  current  of  water  accomplishes  more  because  of  its  eroding  and 
transporting  power  than  the  heavy  blow  of  the  waves  delivered  on  the 
sand,  which  may  tend  to  construct  rather  than  to  destroy. 

Two  sand-cuts  are  now  formed  across  Chequamegon  Point  bar ;  one  of 
these  is  about  2,500  feet  wide,  the  other  somewhat  narrower.  These  cuts 
have  maintained  themselves  for  10  years,  and  they  are  constantly  grow- 
ing wider,  in  spite  of  attempts  on  the  part  of  the  government  to  close 
them  up.  Behind  the  cuts,  on  the  bay  side,  a  new  bar  is  being  formed 
parallel  to  the  old  one.  This  indicates  a  tendency  for  a  new  bar  to  form 
as  the  old  one  is  destroyed,  though  in  a  less  exposed  locality.  The  lit- 
toral currents,  which  used  to  flow  westward  along  the  bar,  are  now  di- 
verted and  flow  through  the  sand-cuts.  This  diversion  of  the  currents 
has  had  some  efibct  on  the  rate  of  erosion  both  in  the  sand-cuts  them- 
selves and  also  along  the  bar.  The  diverted  currents  formerly  flowed 
by  the  end  of  Madeline  island  after  leaving  the  Chequamegon  Point  bar. 
Fishermen  state  that  the  erosion  in  these  localities  is  less  than  it  was 
before  the  diversion  of  the  currents,  but  no  accurate  statement  can  be 
given  as  to  the  exact  difference  in  the  amount  of  erosion. 

LAOOON  AND  MARSH  DEPOSITS 

Immediately  behind  the  Chequamegon  Point  bar  there  are  no  marsh 
deposits,  except  in  the  narrow  lagoon  between  Chequamegon  and  Oak 
Point  bars.  A  swamp  has  formed  here  for  a  mile  or  so  from  the  point 
of  junction  of  the  two  bars.  The  stages  of  marsh  formation  are  well 
illustrated  in  this  lagoon.  A  shoal  is  the  first  condition.  On  this  shoal 
eel  grass  obtains  a  foothold.    The  second  stage  is  reached  when  the  eel 
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grass,  which  readily  holds  debris  carried  in  the  water,  has  built  up  a 
shoal  within  a  few  feet  of  the  surface.  On  this  new  shoal  aquatic  veg- 
etation such  as  reeds,  rushes,  sedges,  and  wild  rice  take  root,  and  these 
bring  about  true  marsh  formations.  The  last  stage  is  the  meadow  con- 
dition, determined  by  the  accumulation  of  debris  sufficient  to  allow  the 
land  vegetation  to  gain  a  foothold.  The  east  side  of  Chequamegon  bay 
is  entering  upon  the  preliminary  stage  of  swamp  formation.  The  aver- 
age depth  of  the  water  is  only  10  feet,  a  depth  which  permits  the  growth 
of  eel  grass.  Already  this  type  of  vegetation  has  gained  a  widespread 
distribution  in  these  shallow  waters. 

ISLAND  SPITS 

The  formation  of  spits  is  chiefly  confined  to  the  islands  of  the  Apostle 
group.  Spits  form  invariably  on  the  south  end  of  islands  in  this  region. 
This  distribution  is  due  to  the  direction  of  the  prevailing  winds  and 
currents,  which  set  in  from  the  northeast  or  the  northwest,  as  a  rule. 
Spits  are  not  found  on  all  of  the  islands.  A  combination  of  factors  is 
necessary  to  allow  their  formation.  Among  these  factors  may  be  men- 
tioned the  following :  Size  of  the  island.  Many  of  the  islands  are  too 
small  to  furnish  sufficient  debris  for  spit  formation.  Another  factor  is 
the  presence  of  formations  that  can  be  attacked  readily  by  erosive 
.  agents.  At  the  same  time  the  debris  must  be  of  such  a  character  that 
it  can  be  transported  with  some  degree  of  ease  by  the  waves  and  cur- 
rents. For  example,  on  those  islands  in  which  glacial  debris  is  abun- 
dant, other  things  being  equal,  spits  will  occur.  On  the  other  hand,  if 
the  waves  must  attack  the  consolidated  sediments  for  material,  tfie  spits 
are  either  absent  or  insignificant  in  size.  Usually  the  cliff  debris  found 
along  the  shores  of  the  islands  is  in  the  form  of  coarse  blocks,  much  too 
large  to  be  transported.  Ultimately  these  blocks  will  be  reduced  by 
the  waves  to  transportable  sizes.  As  yet  this  kind  of  work  has  not  gone 
on  to  any  great  degree,  for  Potsdam  sandstone  debris  is  not  very  com- 
mon in  the  spit  deposits. 

Another  factor  that  has  helped  to  determine  location  of  spits  is  the 
slope  of  the  lake  bottom.  Frequently  the  slope  is  so  great  that  a  long 
period  of  time  must  elapse  before  enough  sediment  is  collected  to  reach 
the  surface  of  the  water,  even  though  other  conditions  be  favorable. 
Another  condition  that  controls  the  formation  of  spits  is  the  position  of 
the  islands  with  reference  to  each  other,  and  also  with  reference  to  the 
prevailing  currents.  Islands  which  lie  in  the  lee  of  others,  and  are  thus 
protected,  in  a  measure,  from  the  waves  and  currents,  are  free  from  these 
deposits,  as  a  rule.  The  most  exposed  islands,  like  Outer,  Michigan, 
and  Cat  islands,  possess  spits,  while  other  less  exposed  islands  are  with- 
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out  them,  though  other  conditions  may  favor  their  presence.  The 
existing  spits  on  the  itilands  are  small,  usually  extending  but  a  few  nxlii 
into  the  lake.  Formerly  much  more  extensive  spits  occurred  on  the 
islands,  but  they  have  disappeared  gradually,  until  at  the  present  time 
no  extensive  deposits  of  this  type  are  found,  though  shoal  deposits  ex- 
tend out  into  the  lake  from  the  end  of  certain  spits,  and  these  shoals 
indicate  in  some  degree  the  former  extent  of  the  spits. 

• 

TOMBOLOS 

This  type  of  shore  deposit  is  found  in  a  few  instances.  The  best  ex- 
ample is  found  on  Presque  isle.  In  this  particular  case  two  islands,  once 
separated  by  a  channel  of  water  at  least  2,000  feet  wide,  are  connected 
by  a  broad  bar  of  sand  and  gravel.  York  island  is  another  example  of 
the  same  phenomenon.  Here  two  small  rocky  islands  are  connected  by 
a  bar  of  sand  a  hundred  yards  long.  Sand  island  is  tied  to  the  main- 
land by  a  bar  of  sand  at  least  two  miles  long,  which  has  not  as  yet  ap- 
peared above  the  water.  The  depth  of  the  water  over  the  bar  is  slight, 
not  exceeding  seven  feet— a  good  example  of  an  incipient  tombolo. 

BEACHES 

Tfie  various  types. — Beach  deposits  are  common  both  on  the  mainland 
and  on  the  islands.  There  are  four  recognizable  types,  namely,  the 
platform,  the  barrier,  the  cliff,  and  the  storm  beach. 

Flntform  beach. — This  type  is  found  on  Michigan  and  Madeline  islands. 
Its  chief  characteristics  are  a  looped  bar  or  ridge  of  gravel  and  sand 
formed  on  an  old  wave-cut  platform,  the  whole  ridge  inclosing  a  lagoon 
within.  The  Michigan  Island  occurrence  is  a  good  example  of  the  type. 
During  the  Madeline  stage  the  lake  cut  a  well  defined  bench  and  sea- 
cliif.  The  clifif  itself  is  cut  in  glacial  debris  and  reaches  a  height  of  40 
feet.  It  extends  across  the  island  and  is  extremely  well  defined.  In 
front  of  the  cliff  stands  the  bench,  covering  possibly  300  acres.  It  is 
triangular  in  form,  with  the  base  resting  against  the  base  of  the  cliff. 
The  bench  stands  several  feet  above  the  lake,  as  a  whole,  but  there  is  a 
gradual  slope  from  the  cliff  to  the  lake.  Where  the  sloping  bench  meets 
the  lake  the  waves  have  thrown  up  a  ridge  of  sand  and  gravel  about 
the  periphery  of  the  bench.  Naturally  this  forms  a  looped  bar,  because 
of  the  shape  of  the  bench.  This  ridge  is  broad  and  low,  sloping  in  front 
toward  the  lake  like  an  ordinary  beach.  Indeed,  it  has  the  character- 
istics of  the  usual  beach  formation.  Within  the  looped  bar  is  a  lagoon, 
which  covers  several  acres,  though  it  has  become  filled  in  large  part 
with  debris. 
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Barrier  beach, — Barrier  beaches  occur  chiefly  on  Madeline  island,  the 
largest  member  of  the  Apostle  group.  They  have  been  thrown  across 
the  bays  between  the  more  prominent  promontories.  They  only  occur 
where  the  neighboring  cliffs  are  composed  of  glacial  drift,  and  thus  fur- 
nish an  abundance  of  transportable  material.  The  normal  type  is  a 
broad  low  bar,  chiefly  of  sand,  cutting  off"  lagoons  which  have  become 
more  or  less  filled.  The  best  example  is  the  barrier  beach  connecting 
the  "  Old  Mission  "  with  the  town  of  La  Pointe.  These  beaches  have 
helped  greatly  in  smoothing  the  originally  irregular  shores  of  Madeline 
island. 

Cliff  beach. — This  type  of  beach  is  formed  at  the  base  of  the  long  line 
of  clay  clifis  between  the  Bad  river  and  the  Montreal.  A  narrow  bench 
is  cut  out  at  the  base  of  the  cliff,  and  here  the  coarse  debris  is  deposited 
in  a  characteristic  way.  The  shoreline  in  this  region  is  quite  straight. 
There  are  few  pockets  in  which  debris  can  be  gathered.  Much  of  the 
material  derived  frpm  the  cliffs  is  too  coarse  for  ready  transportation. 
Under  these  conditions  the  coarse  shingle  and  boulders  are  thrown  up 
against  the  face  of  the  cliffl  The  base  of  the  deposit  rests  on  the  narrow 
bench  at  the  foot  of  the  cli£f.  The  beach  thus  formed  presents  a  steep 
front,  exceeding  30  degrees,  as  a  rule.  The  coarse  materials  composing 
it  are  piled  high  against  the  cliff  face,  frequently  from  12  to  15  feet.  The 
coarse  debris  is  packed  firm  by  the  repeated  blows  of  the  waves.  The 
beach  is  usually  so  massive  that  it  is  thrown  across  the  courses  of  streams 
without  being  disturbed  by  their  presence,  the  water  of  the  streams  only 
entering  the  lake  by  seepage  through  the  coarse  gravels.  Occasionally 
pockets  occur  in  the  shoreline  of  the  cliffs,  and  in  such  cases  the  char- 
acter of  the  beach  changes.  Finer  ;naterials  obtain  a  foothold  under 
such  circumstances,  and  the  beach  is  not  built  up  as  high,  nor  are  its 
slopes  as  steep. 

Storm  beach. — The  storm  beach  is  found  chiefly  on  the  exposed  bars, 
where  the  sand  is  shifted  to  and  fro  by  each  storm.  Temporary  ridges 
of  sand  accumulate,  which  are  several  rods  in  length.  Usually  the  storm 
beach  is  attacheil  at  one  end  to  the  parent  beach,  the  other  end  being 
free.  These  beaches  are  constantly  forming  and  disappearing,  according 
to  the  violence  of  the  storm  and  the  varying  direction  of  the  wind. 

SHOALS 

The  streams  which  enter  the  lake  form  delta  deposits,  which  are  greatly 
modified  by  wave  and  current  action.  Deltas  of  regular  form  are  not 
built  up  in  the  face  of  the  lake  storms.  The  deposits  should  be  desig- 
nated as  shoals  rather  than  deltas.  The  debris  is  scattered  about  widely 
by  waves  and  currents.     It  is  only  here  and  there  that  sufficient  mate- 
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rial  accamulates  to  form  true  shoals.  The  most  extensive  shoal  deposit 
in  the  region  is  that  off  fropi  the  mouth  of  Bad  rirer.  The  shoal  ex- 
tends out  into  the  lake  for  a  distance  of  5  miles,  its  position  being  marked 
by  the  changed  color  of  the  water  above  it  and  by  the  discoloration  of 
the  water  during  storms.  On  the  average,  the  water  on  this  shoal  is 
shallower  by  20  feet  than  the  surrounding  waters. 

The  major  portion  of  the  shoal  lies  to  the  west  of  the  river  mouth, 
carried  to  that  position  by  the  prevailing  direction  of  the  currents. 

Though  the  watershed  of  lake  Superior  covers  a  relatively  small  area, 
yet  its  slopes  are  so  steep  and  there  is  so  much  loose  debris  on  the  sur- 
face that  the  conditions  for  the  transportation  of  sediment  into  the  lake 
are  very  favorable.  The  debris  thus  brought  in  is  carried  long  distances 
by  the  strong  currents  of  the  lake.  The  writer  has  seen  the  lake  discol- 
ored at  Devils  island  by  sediments  brought  in  by  the  Nemadji  and  Saint 
Jjouis  rivers  90  miles  away.  This  wide  carriage  of  debris  tends  to  form 
shoals  over  vast  areas.  E]8pecially  is  this  true  in  a  limited  and  narrow 
area  such  as  that  represented  by  the  head  of  lake  Superior. 

Wave  Erosion  and  its  Topography 

CA VERNS 

Caverns  occur  on  those  portions  of  the  i^^lands  and  mainland  which 
are  well  exposed  to  wave  action.  The  best  examples  of  this  feature  are 
found  on  Devils  island.  The  caverns  are  formed  in  those  layers  of  rock 
exposed  to  maximum  wave-action.  As  the  vertical  range  of  the  waves 
is  not  great,  the  caverns  rarely  exceed  a  height  of  15  feet  above  the  level 
of  the  water.  In  many  cases  they  are  gouged  out  to  quite  a  depth  below 
the  surface.  'J'he  caverns  extend  back  to  a  maximum  distance  of  lU) 
feet.  Usually  their  depth  is  much  less  than  this.  In  a  number  of  in- 
stances the  caverns  are  j)ractically  continuous,  their  broad,  low  portals 
being  separated  only  by  a  thin  wall  of  rock,  or  possibly  a  few  interven- 
ing pillars.  The  amount  of  clay  in  the  sandstone  is  the  chief  factor  in 
determining  the  form  and  size  of  the  cavern.  The  more  silicious  por- 
tions of  the  rock  are  cavernless  as  a  rule.  On  the  distribution  of  the 
clay  depends,  in  large  part,  the  nature  of  the  architecture,  the  presence 
of  pillars,  the  form  of  the  portal,  the  detailed  fretwork,  all  of  which  a<ld 
so  much  to  the  charm  of  these  occurrences. 

The  erosion  of  these  caverns  is  slow,  as  the  water  carries  little  sedi- 
ment with  which  to  do  effective  work.  The  retreat  of  the  coast,  how- 
ever, is  accomplished  chiefly  through  the  falling  in  of  the  cavern  roofs. 
The  process  is  an  exceedingly  slow  one.  The  waves  plunge  into  the 
caverns  with  terrific  force,  but  they  do  little  except  to  wash  out  the  soft 
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clay  or  break  the  supporting  pillars  by  their  mere  momentum.  On 
Devils  island  the  caverns  number  two  score  or  more,  and  a  continuous  se- 
ries of  them  are  presented  for  a  distance  of  a  mile.  Their  chief  interest  lies 
in  their  fantastic  architecture.  Caverns  also  occur  on  Presque  isle,  Sand 
island,  and  others  of  the  Apostle  group.  They  are  also  found  on  the 
mainland,  especially  along  the  shores  of  Chippewa  point.  * 

COVES 

On  exposed  sandstone  cliffs,  coves  are  formed  by  erosion  along  joint 
planes.  Master  joints  with  a  northeast-southwest  trend  are  common  in 
the  sandstone.  These  joints  stand  head  on  to  the  most  violent  storms, 
those  which  come  from  the  northeast.  The  waves  gradually  open  these 
joint  planes  until  a  cove  is  finally  made.  A  typical  cove  is  a  narrow 
canyon-like  chasm,  not  exceeding  10  feet  in  width.  Its  height,  which 
depends  on  that  of  the  cliflf,  may  be  30  or  40  feet.  The  cove  extends 
back,  following  the  course  of  the  joint  for  a  distance  of  several  hundred 
feet,  its  walls  gradually  contracting  as  they  are  removed  from  the  action 
of  waves.  The  floor  of  the  cove  slopes  upward  gradually  until  it  reaches 
the  top  of  the  cliff.  Such  a  floor  is  an  inclined  plane,  up  which  the 
water  is  forced  with  great  violence,  bearing  with  it  coarse  shingle  and 
boulders,  which  are  finally  deposited  on  top  of  the  cliff.  It  is  common 
to  find  a  mass  of  boulders  at  the  shore  end  of  these  coves.  The  best 
example  of  this  feature  is  Stella  cove,  on  the  east  shore  of  Presque  isle. 

CUFFS 

The  loftiest  cliffs  of  the  region  are  those  composed  of  glacial  drift, 
chiefly  boulder-clay.  An  impressive  example  of  this  type  is  seen  on 
the  north  end  of  Oak  island,  where  tlie  cliff  reaches  the  height  of  nearly 
200  feet.  The  rate  of  wear  on  exposed  clay  cliffs  is  rapid,  in  spite  of  the 
cliff  beaches  at  their  base.  None  of  these  cliffs  approach  the  perpen- 
dicular, but  they  maintain  a  high  angle  of  slope,  frequently  exceeding 
40  degrees.  The  sandstone  cliffs  are  less  common  ;  they  reach  a  maxi- 
mum height  of  60  feet.  As  a  rule,  these  cliflfs  are  perpendicular,  their 
recession  being  due  to  undermining  of  the  base  by  wave  action.  Less 
than  one-fifth  of  the  shoreline  is  bordered  by  sandstone. 

BENCHES 

At  the  base  of  cliffs,  benches  are  found.  Those  at  the  foot  of  sand- 
atone  cliffs  are  narrow,  rarely  exceeding  a  width  of  10  rods,  and  aver- 
aging much  less  than  this.  From  the  foot  of  the  clay  cliffs  a  bench 
extends  for  a  distance,  in  some  cases,  of  several  hundred  rods,  as  is  well 
exhibited  on  the  east  shore  of  Madeline  island.    These  benches  become 
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the  seat  of  shoals  and  incipient  bars,  the  latter  forming  at  a  distance 
from  the  shore,  but  parallel  to  it. 

STACKS 

Isolated  portions  of  rock  are  often  cut  off  from  the  parent  cliff,  esfte- 
cially  on  the  exposed  Apostle  islands.  Tlie  separation  occurs  chiefly 
through  wave  action  opening  and  enlarging  joint  planes.  The  stack 
may  be  separated  but  slightly  from  the  parent  mass,  as  is  the  case  with 
Lone  island,  or  a  wide  channel  may  intervene,. as  in  the  instance  of  the 
Little  Manitou,  which  now  stands  100  rods  from  its  former  connection. 
All  types  of  stacks  occur,  from  the  massive  to  the  slender  skerry  or 
drong.  In  some  cases  these  pinnacle  forms  may  be  overturned  and 
only  projecting  points  remain,  such  as  are  seen  about  the  Sphinx. 

% 

Summary 

The  region  described  in  this  paper  is  that  portion  of  the  Wisconsin 
shore  of  lake  Superior  which  lies  between  point  Detour  and  the  Mon- 
treal river.  The  shore,  in  part,  is  made  up  of  a  series  of  cliffs,  either 
composed  of  glacial  debris  or  of  Potsdam  sandstone.  In  part  the  shore- 
line  is  composed  of  a  series  of  shore  deposits,  chiefly  in  the  form  of 
bars,  one  of  which  has  been  thrown  across  the  mouth  of  Chequamegon 
bay,  forming  the  longest  and  most  important  bar  oh  lake  Superior.  A 
group  of  islands,  known  as  the  Apostle  islands,  lie  about  Chippewa 
point,  the  northern  projection  of  the  state.  These  islands  have  resulted 
from  the  drowning  of  pre-Glacial  valleys.  The  topography  of  the  main- 
land is  such  as  existed  during  pre-Glacial  time,  but  is  masked  and 
modified  by  glacial  deposits.  The  mainland  has  rugged  topography, 
especially  in  the  interior,  at  a  distance  from  the  lake,  and  the  lake  is 
bordered  by  a  coastal  plain  a  few  miles  wide,  whose  simple  topography 
consists  of  a  smooth  surface  without  prominent  elevations,  in  which 
deep  valleys  are  incised.  The  topography  of  the  inner  Apostle  islands 
is  similar  to  that  of  the  mainland,  but  the  outer  islands  possess  little 
glacial  debris  and,  in  most  instances,  are  mere  flat  tables  of  sandstone. 

In  a  general  way,  the  lake  level  has  gradually  fallen  since  the  Pleisto- 
cene, but  this  has  not  been  a  continuous  process,  as  fluctuations  have 
occurred.  At  present  there  is  an  apparent  rise  of  the  lake  level,  which 
belief  is  sustained  by  two  pieces  of  evidence :  (a)  The  lower  courses  of 
streams  which  empty  into  the  lake  have  estuary  features — ^they  are 
drowned  streams — and  (6)  certain  shore  features,  such  as  bars  and  spits, 
are  in  process  of  rapid  destruction.  Apparently  these  formations,  were 
made  when  the  lake  was  lower,  but  with  its  rise  they  are  being  destroyed. 
Wave  erosion,  especially  on  the  exposed  islands,  has  given  rise  also  to 
a  series  of  erosion  forms,  such  as  caverns,  coves,  cliffs,  and  stacks. 
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Introduction 


Investigation  of  the  structure  of  the  desert  ranges  which  lie  between 
the  Wasatch  and  the  Sierra  and  extend  southward  into  California  is  no 
easy  task.  In  the  past  different  views  have  been  held,  some  seeing  in 
them  a  series  of  parallel  folds  in  which  the  anticlines  protruding  above 
the  surface  formed  the  ranges,  while  others  considered  them  a  series  of 
unfolded  blocks,  broken  by  parallel  faults,  and  upheaved  along  these 
faults  so  as  to  form  ridges.  Besides  these  entirely  opposed  theories  a 
compromise  view  has  been  entertained,  namely,  that  the  ranges  were 
first  folded  and  subsequently  broken  into  blocks  by  faults  and  upheaved 
into  mountains.  Even  in  this  compromise  there  has  been  great  diversity 
of  opinion  as  to  the  relative  importance  of  the  two  chief  agents  in 
mountain-building.  King,*  for  example,  considered  that  folding  has 
been  most  potent,  while  Russell  f  believed  that  the  ranges  as  they  now 
Btand  are  entirely  due  to  faulting  and  that  the  faulted  blocks  have  been 
tilted  so  that  each  block  is  essentially  a  monoclinal* mountain,  even 
jrhen  the  strata  are  considerably  folded. 

In  view  of  all  this,  the  writer  proposes  to  approach  the  problem  with- 
pat  any  preconceived  theory,  to  examine  the  observed  facts  gathered  by 
liimself  or  by  previous  investigators,  and  to  deduce  from  these  facts 
frhat  shall  appear  to  him  to  be  the  natural  conclusion. 

Examination  of  the  Structure  of  Individual  Ranges 

EANOJS8  OF  NOBTHWESTSBN  UTAH 

Twlic  range. — This  range  has  been  carefully  studied  by  Messrs  Tower 
find  Smith.;^    According  to  these  writers  the  Tintic  mountains  were  up- 

*EzpIorafcion8of  the  Fortieth  Parallel,  vol.  i,  Systematic  Geology,  p.  735. 
t  Monograph  xl,  U.  S.Geol.  Survey,  p.  26. 

X  Geology  and  mining  industry  of  the  Tintic  district,  Nineteenth  Ann.  Kept.  U.  S.  Geoi.  Survey, 
partiil. 
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lifted  in  early  Mesozoic  time :  no  more  accurate  determination  of  the 
period  is  available.  The  uplift  was  accompanied  by  marked  folding, 
but  little  faulting.  There  is  no  evidence  of  a  second  period  of  general 
dynamic  action. 

The  present  topography  of  the  range  is  shown  in  the  sections  pub- 
lished *  to  be  entirely  due  to  erosion. 

Oquirrh  mountains. — The  Oquirrh  mountains  lie  immediately  north  of 
the  Tintic  mountains,  being  separated  from  them  only  by  20  miles. 
These  mountains  have  been  described  by  Mr  Gilbert,  Mir  Emmons,  and 
by  the  writer.  The  general  interpretation  of  the  structure  by  the  differ- 
ent observers  is  the  same.  The  range  is  marked  by  a  series  of  compar- 
atively close  folds,  from  which  the  present  topographic  features  have 
been  derived  by  erosion.  Mr  Emmons  t  observes  that  in  the  southern 
portion  of  the  range  faulting  has  been  an  extremely  subordinate  phe- 
nomeflon  as  compared  with  plication. 

The  relation  of  the  topographic  forms  to  the  folds  shows  that  the 
former  are  due  almost  entirely  to  differential  erosion.  In  the  Mercur 
district  intrusive  sheets  of  rhyolite  (quartz  porphyry)  have  been  laid 
bare,  and  now,  by  reason  of  their  greater  resistance,  constitute  hills  lying 
above  the  more  easily  eroded  limestone. 

Promontory  range. — The  Promontory  range  lies  north  of  Salt  lake  and 
west  of  the  Wasatch  mountains,  and  may  be  considered  as  an  extension 
of  the  Oquirrh  range.  It  has  been  described  by  Messrs  King  and  Hague,| 
according  to  whom  the  range  consists  of  a  central  anticlinal  fold,  with  a 
syncline  on  each  side.  The  description  given  indicates  deep  erosion  of 
the  folds  to  form  the  present  topographic  features. 

Aqid  range. — The  Aqui  range,  as  described  by  King,§  is  formed  by  a 
great  anticlinal  fold.  In  the  southern  portion  of  the  range  this  fold  is 
deformed  by  a  powerful  fault,  which  brings  the  Cambrian  rocks  against 
the  lower  Carboniferous.  This  fault  is  depicted  upon  a  section  in  the 
atlas  accompanying  the  Fortieth  Parallel  report.  It  shows  an  enormous 
displacement  and  a  relatively  insignificant  fault  scarp,  which  has  a 
height  of  only  about  onetenth  the  throw. 

The  relation  of  the  amount  of  displacement  to  the  height  of  the  scarp 
shows  the  effects  of  powerful  erosion  since  the  faulting ;  indeed,  the  fact 
that  the  higher  side  is  made  up  of  quartzite,  which  is  more  resistant  than 
the  limestone  on  the  lower  side,  suggests  that  erosion  may  be  solely  re- 
sponsible for  the  cliff. 

•  Ob.  eft.,  plate  77. 

t  Economic  Geology  of  the  Mercur  Mining  District,  Sixteenth  Ann.  Kept.,  part  ii,  p.  S81. 

X  Explorations  of  the  Fortieth  Parallel,  ?ol.  i,  p.  7S6,  and  vol.  ii,  p.  4tO. 

§  Op.  cit.,  p.  735. 
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Ombe  mountains, — ^The  Ombe  mountains  are  situated  at  the  extreme 
western  edge  of  Utah,  near  the  Nevada  line.  According  to  Mr  King,* 
the  structure  in  the  southern  portion  is  an  anticlinal  fold,  which  has  a 
northeast-southwesi)  strike,  and  thus  diverges  from  the  general  north- 
and'south  trend  of  the  range.  Northward  this  fold  is  succeeded,  on 
account  oT  this  divergence,  by  the  adjacent  synclinal.  Still  farther  north- 
ward the  entire  range  has  a  uniform  westerly  dip,  apparently  represent- 
ing one  side  of  the  next  anticlinal  fold,  the  other  side  having  been  re- 
moved by  erosion.  The  east  face  of  this  portion  of  the  mountains  is  a 
steep  escarpment  several  thousand  feet  high,  which  is  supposed  by  Mr 
King  to  be  a  fault  scarp.  Mr  Hague,t  who  has  described  in  detail  the 
range,  and  from  whose  descriptions  Mr  King's  conclusions  are  presum- 
ably drawn,  does  not  mention  the  fault,  although  agreeing  with  the 
description  already  given  of  the  foldjs. 

From  the  above,  especially  the  fact  of  the  ridge  being  for  at  least  a 
portion  of  its  length  synclinal,  it  is  probable  that  the  mountains,  on  the 
whole,  are  due  to  erosion. 

Remmi  oj  structure  of  ranges  of  northwestern  Utah. — In  summing  up  the 
characteristics  of  the  different  ranges  described,  it  has  been  seen  that  in 
every  case  so  foLV  as  known  they  owe  their  principal  features  to  deep, 
long  continued  erosion  and  not  primarily  to  deformation,  expressed 
either  by  faults  or  folds.  The  folds  have  frequently  been  so  eroded  that 
synclines  form  the  mountain  crest ;  indeed,  the  synclinal  and  the  anti- 
clinal ranges  appear  about  equally  abundant.  There  are  several  steep 
scarps,  which  have  been  described  as  fault  scarps,  but  so  far  as  the  writer 
can  make  out  there  is  no  evidence  that  a  fault  exists  along  them. 

SANQES  OF  NORTHEASTERN  NEVADA 

GomUe  range. — Aorording  to  Mr  King,];  the  Gosiute  range,  which  lies 
next  west  of  the  Ombe  range,  consists  essentially  of  a  single  anticlinal 
fold.  The  central  portion,  however,  is  a  monoclinal  ridge,  which  is  a 
limb  of  the  anticlinal,  the  other  limb  having  been  removed.  Mr  King 
remarks  that  any  one  passing  by  this  central  part  might  easily  be  mis- 
taken so  far  as  to  suppose  the  tange  to  be  a  single  monoclinal  mass 
formed  by  dislocation  and  tilting. 

Since,  according  to  Mr  King,  the  half  of  the  anticlinal  fold  has  not 
been  removed  from  the  central  part  of  the  range  by  faulting,  it  must 
have  been  done  by  eroson.  In  the  face  of  erosion  so  powerful  as  this 
we  must  believe  that  it  has  determined  the  structure  of  the  mountains 
in  general. 

^Geologicals  Exploration  of  the  Fortieth  Parallel,  vol.  i,  p.  736. 

fGeologicals  Exploration  of  the  Fortieth  Parallel,  yol.  ii,  DescriptiTe  Geology,  p.  495. 

X  Op.  cit,  p.  737. 
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Peoqwyp  range, — Mr  King  *  describes  the  Peoquop  range  as  showing 
through  most  of  its  extent  a  raonoclinal  dip ;  but  in  the  southern  por- 
tion of  the  range  this  apparent  monocline  is  seen  to  be  really  one  of  the 
limbs  of  a  distinct  synclin'e,  and  this  syncline  gives  place  to  an  adjacent 
anticline  in  the  region  of  Antelope  buttes. 
V  For  the  same  reason  as  above  stated,  in  the  case  of  the  Gosiute  moun- 
tains, we  may  infer  that  the  Peoquop  range  owes  its  form  mainly  to  long 
continued  erosion. 

Humboldt  range. — ^The  Humboldt  range  t  has  as  its  principal  structural 
feature  a  great  anticlinal  fold,  which  strikes  approximately  parallel  with 
the  range.  The  northern  portion  of  the  range  has  a  central  core  of 
Archean  schists  and  granites,  from  which  the  Paleozoic  rocks  dip  away 
on  both  sides.  From  Fremont  pass  southward  to  Hastings  pass  the 
range  is  entirely  made  up  of  these  Paleozoic  rocks,  which  are  separated 
from  the  Archean  area  to  the  north  by  a  great  fault  at  Fremont  pass. 
Mr  King  states  that  the  eastern  face  of  the  range  from  Fremont  pass 
northward  to  Eagle  lake  is  the  result  of  a  powerful  fault  by  which  the 
dislocated  eastern  half  of  the  anticlinal  fold  has  sunk  out  of  sight. 

The  fault  which  King  notes  at  Fremont  pass  (and  which  has  also  been 
observed  from  the  base  of  the  range  by  the  present  writer)  is  transverse 
to  the  general  trend  of  the  mountains  or  approximately  east  and  west. 
The  vertical  displacement  is  enormous,  the  Carboniferous  and  Devonian 
rocks  on  the  south  abutting  against  the  granite  and  Archean  on  the 
north.  There  is,  however,  no  scarp,  only  the  transverse  gap  which  has 
been  called  Fremont  pass.  The  mountains  to  the  north  are,  to  be  sure, 
higher  and  more  rugged  than  those  to  the  south,  but  not  at  all  in  pro- 
portion to  the  amount  of  differential  uplift,  and  what  difference  there  is 
is  evidently  due  to  the  greater  resistance  to  erosion  of  the  granitic  rocks 
as  compared  with  the  softer  Paleozoic  strata.  The  writer  suspects  that 
a  north-and-south  fault  lies  along  the  west  base  of  the  range,  by  which 
the  Silurian  rocks  are  brought  up  against  the  Carboniferous.  If  this 
fault  exists,  the  relatively  downthrown  side  forms  the  mountains,  while 
the  upthrown  part  lies  in  the  valley.  Aside  from  these  considerations, 
the  whole  rugged  and  deeply  dissected  topography  bespeaks  long  con- 
tinued erosion.  The  governing  anticlinal  structure  of  the  range  is  easily 
explained,  for  the  core  consists  of  granites  and  quartzites,  which  are  more 
resistant  than  the  limestones  which  overlie,'' so  that  the  center  of  the 
fold  when  completely  denuded  still  forms  the  most  conspicuous  topo- 
graphical feature  and  determines  the  main  ridge.' 

♦  Ibid. 

t  King :  Op.  cit.,  p.  TiS, 
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Pinmi  range. — The  Pifion  range,  which  lies  next  west  from  the  Hum- 
boldt ran^e,*  consists  in  the  central  portion  of  a  magnificent  anticlinal 
fold,  with  a  curved,  although  in  general  north-and-south,  axis.  The 
southern  termination  of  the  fold  is  removed  by  a  transverse  northeast- 
and-80uthwest  fault  which  has  faulted  down  the  rocks  to  the  south. 
Mr  King  believes  that  this  is  the  same  fault  as  that  which  has  cut  off 
the  end  of  the  Diamond  range  (which  lies  southeast  of  the  Pifion  range), 
and  has  terminated  it  on  the  north.  North  of  the  Humboldt  river,  ac- 
cording to  Mr  King,  the  same  anticlinal  fold  continues,  hut  is  soon  cleft 
by  a  north-and-south  fault,  by  which  the  entire  eastern  portion  of  the 
mountains  for  40  miles  has  been  dropped  out  of  sight. 

Mr  Walcottf  has  made  a  section  across  the  southern  end  of  the  Pifion 
range,  at  Ravens  nest.  The  section  shows  an  anticlinal  fold  cut  by  two 
north-and-south  faults.  One  of  these  faults,  in  the  center  of  the  range, 
has  been  estimated  by  the  present  writer,  from  the  section  given,  to  have 
a  vertical  separation  of  nearly  4,000  feet,  while  the  other  has  a  vertical 
separation  of  about  6,000  feet.  Neither  of  these  faults  has  any  influence 
on  the  topography  except  that  the  first  named  one  has  determined  a 
longitudinal  shallow  valley  of  erosion. 

Considering  the  displacement  which  is  believed  by  Mr  King  to  deter- 
mine the  southern  end  of  the  range,  it  is  not  clear  to  the  writer  why  the 
self-same  fault  is  thought  here  to  upthrow  the  mountains  on  the  north 
side,  while  at  the  northern  end  of  the  Diamond  range,  close  by,  it  is 
supposed  to  upthrow  an  equally  high  and  important  range  on  the  south 
side.  In  case  this  is  really  a  single  fault,  we  must  explain  the  opposing 
phenomena  by  erosion. 

We  can  only  explain  a  section  like  that  given  by  Mr  Walcott  by  .ad- 
mitting that  the  topography  is  entirely  due  to  erosion;  it  is  not  the 
direct  expression  of  the  dislocation.  The  anticlinal  structure  in  the 
neighborhood  of  Pinto  peak  may  be  explained  like  that  of  the  Hum- 
boldt range,  for  here  the  highly  resistant  Cambrian  quartzites  form  the 
center  of  the  anticline  and  the  summit  of  the  range. 

Rmimi  of  structure  in  northeaatem  Nevada, — The  different  mountain 
ranges  just  described  seem  in  each  case  to  be  due  essentially  to  erosion. 
The  crests  of  the  ranges  are  sometimes  eroded  synclines,  and  where 
the  whole  of  a  lofty  mountain-mass  has  a  governing  anticlinal  structure 
this  is  generally  to  be  explained  by  the  difference  in  resistance  of  the 
rocks.  The  faults  which  have  actually  been  determined  are  shown 
in  nearly  every  case  to  have  no  primary  effect  upon  the  topography, 
although  they  sometimes  determine  gullies  or  valleys  by  reason  of  their 

•  Ibid. 

t  Monograph  xx,  U.  S.  Geol.  Hurvey,  p.  201. 
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being  zones  of  weakness,  and  hence  easily  eroded.  In  this  region,  as 
in  that  of  northwestern  Utah,  if  the  mountain  ranges  are  mainly  due  to 
erosion,  it  follows  that  the  intervening  valleys  originated  in  the  same 
way. 

BANGBS  OF  NORTHWBSTBRN  NBVADA 

HavcUlah  range. — The  northern  portion  of  the  Havallah  range*  is  es- 
sentially an  anticlinal  fold  of  Triassic  rocks.  Adjacent  to  this  anticline 
is  a  parallel  syncline,  which  lies  to  the  west  of  the  main  mountain  range. 
To  the  east  of  tlie  main  ridge  is  a  syncline,  which  forms  a  subordinate 
ridge  between  Iron  point  and  Golconda,  on  the  Central  Pacific  railroad. 
The  northern  end  of  the  range  is  supposed  by  Mr  King  to  be  determined 
by  a  transverse  fault. 

Mr  Hague,  who  has  written  a  more  detailed  description  of  the  range, 
does  not  mention  the  fault,  but  gives  more  information  about  the  folding. 
The  highest  portion  of  the  mountains,  which  is  the  center  of  the  anti- 
cline, consists  of  dense,  tough  quartzites,  while  the  overlying  strata  on 
the  fianks  are  interstratified  sandstones,  slates,  and  shales.  Along  the 
very  axis  of  the  anticline  is  a  deep  canyon.f  Southward  from  here,  at 
Bardmass  pass,  the  governing  influence  of  the  underlying  rigid  quartzite 
being  no  longer  felt  on  account  of  its  lying  so  far  below  the  surface,  the 
range  consists  of  two  gentle  folds,  an  anticlinal  and  a  synclinal,  the  latter 
forming  most  of  the  mountains,  while  the  axis  of  the  anticline  lies  along 
the  eastern  foothills.^ 

The  synclinal  ridges  described  are  evidence  of  powerful  erosion,  while 
the  hard  resistant  core  of  the  chief  anticlinal  fold  explains  the  origin  of 
this  ridge  also  as  an  erosive  feature,  in  the  same  way  as  in  the  East 
Humboldt  and  Pifion  ranges. 

Pah  Ute  range. — The  Pah  Ute  range  §  has  also  a  governing  anticlinal 
fold.  A  series  of  chiefly  north-and-south  faults  has  confused  the  struc- 
ture. Mr  King's  descriptions  imply  that  these  fietults  have  a  direct  in- 
fluence on  the  topography. 

Mr  Hague  ||  describes  the  central  core  of  the  mountains  as  made  up  of 
granite  and  granitoid  rocks,  these  being  overlain  by  Triassic  quartzites, 
and  these  by  limestones  and  shales. 

That  erosion  has  actually  been  very  active  in  this  range  is  shown  by 
the  enormous  thickness  of  rocks  (15,000  to  17,000  feet  at  least  If)  which 
has  been  stripped  off  from  the  underlying  basement. 

*  King  :  Op.  cit.,  p.  741. 

t  Fortieth  Parallel,  Descriptive  Oeology,  to!,  ii,  p.  €81. 

X  Op.  cit.,  p.  683. 

gKing:  Ibid. 

B  Op.  cit.,  p.  689. 

\  King :  Op.  cit.,  p.  277. 
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Wed  HumboUU  range. — The  West  Humboldt  range,*  which  is  next 
west  of  the  Pah  Ute,  has  a  main  anticlinal  fold,  which  trends  diago- 
nally'^croes  the  topographic  axis. 

Mr  Hague  t  mentions  two  faults  in  this  range,  one  along  the  eastern 
side  of  the  i%inge,  the  other  crossing  it  in  a  northwest-southeast  direc- 
tion west  of  Buffalo  peak.  The  existence  of  the  latter  fault  is  evident 
from  an  inspection  of  the  map  accompanying  the  Fortieth  Parallel  re^^ 
port  Judging  from  this,  the  displacement  seems  to  be  a  downthrow  on 
the  south  side,  bringing  the  Star  Peak  Triassic  down  against  the  under* 
lying  Koipato  Triassic — a  movement  amounting  to  several  thousand 
feet.  The  fault  line  lies  in  a  valley,  from  which  the  mountains  rise  on 
the  southeast  side  about  2,700  feet ;  on  the  northeast  side  about  4,200 
feet.  The  southeast  or  downthrown  side  of  this  valley  is  decidedly  the 
steeper. 

In  this  case  we  have  an  actually  determined  heavy  fault,  which  is 
not  marked  by  a  scarp,  but  by  a  transverse  valley,  where  erosion  has 
excavated  at  least  2,700  feet  deeper  than  in  the  rocks  on  each  side ;  nor 
is  this  more  than  a  fraction  of  the  total  erosion,  for  while  the  valley  was 
being  formed  the  mountains  have  al80  been  efteadily  wearing  down,  only 
more  slowly,  on  account  of  the  zone  of  greater  weakness  along  the  fault. 
On  the  northeast  all  the  Star  Peak  Triassic  (which  is  now  found  on  the 
other  side  of  the  fault,  and  so  must  have  been  on  this  side,  too,  before  the 
dislocation)  has  been  worn  away,  leaving  bare  the  underlying  Koipato. 
As  the  Star  Peak  group  has  an  estimated  thickness  of  10,000  feet,];  the 
total  erosion  since  the  faulting  has  at  some  points  exceeded  two  vertical 
miles.  The  present  greater  elevation  of  the  mountains  in  the  upthrown 
or  northeast  side  of  the  fault  is  probably  due  to  the  greater  resistance  to 
erosion  of  the  Koipato  qiiartzites,  as  compared  with  the  softer  rocks  on 
the  south.  This  same  resistant  formation  has  been  noted  as  determin- 
ing topographic  eminences  in  the  Havallah  range. 

In  the  West  Humboldt  range,  therefore,  there  is  evidence  of  erosion 
powerful  enough  to  have  determined  the  topography  and  the  range 
itself,  and  in  the  one  case  where  we  are  sure  of  our  premises,  erosion 
has  long  since  overcome  all  direct  effects  of  deformation  on  the  surface, 
if  indeed  there  ever  were  any. 

Rmime  of  structure  ofnorlhwestem  Nevada. — Our  knowledge  of  the  ranges 
of  northwestern  Nevada  is  comparatively  slight,  since  in  this  region  the 
volcanic  rocks  are  so  abundant  that  nearly  everywhere  they  mask  the 
structure,  which  is  itself  rather  complicated,  with  folds  often  diagonal 

>Klng:  Op.  cit.,  p.  742. 

t  Op.  oit.,  p.  736. 

X  King  :  Op.  cit.,  p.  277. 
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to  the  mountain  ridges  and  with  faults.  From  what  we  can  learn  of  the 
structure,  where  the  stratified  rocks  are  exposed,  it  is  apparent  that  ero^ 
sion  has  operated  very  powerfully.  We  find  synclinal  ridges  and  anti- 
clinal ridges,  with  a  hard  resistant  rock  at  the  core,  and  faults  along 
which  deep  valleys  have  been  excavated.  On  the  other  hand,  we  ap- 
pear to  have  no  sufficient  evidence  of  any  feature  of  relief  being  due 
directly  to  deformation.  Some  supposed  faults  have  been  described  in 
terms  implying  this  direct  relation,  but  it  is  not  clear  from  the  descrip- 
tions that  these  faults  actually  exist.  Indeed,  as  in  so  many  other  cases, 
the  existence  of  the  fault  seems  often  to  have  been  assumed  from  the  pres- 
ence of  a  scarp.  We  must  conclude,  therefore,  that  the  ranges  of  north- 
western Nevada,  in  so  far  as  we  have  direct  evidence  on  the  questions  of 
their  structure  and  origin,  are  due  chiefly  to  erosion. 

BANOBS  OF  EASTERN  CENTRAL  NEVADA 

Antelope  range. — The  Antelope  mountains,  which  lie  between  the  north- 
ern eixtension  of  the  Snake  range  and  a  portion  of  the  Schell  Creek  range. 
are  for  the  most  part  volcanic.  In  the  southeastern  portion,  however, 
are  Silurian  and  Devonian  rocks.  The  attitude  of  the  rocks  here,  as 
compared  with  that  of  the  same  rocks  on  the  other  side  of  Antelope  val- 
ley, goes  to  show  that  this  valley  is  anticlinal.  It  is  therefore  prob- 
ably one  of  erosion,  and  the  same  inference  applies  to  the  Paleozoic 
foundation  of  the  Antelope  range. 

Scfiell  Creek  and  Highland  ranges, — The  Schell  creek  range  contains  a 
number  of  adjacent  anticlines  and  synclines,  which  often  trend  somewhat 
obliquely  with  the  range.  East  of  Ely  there  is  a  longitudinal  valley 
eroded  along  the  axis  of  an  anticlinal  fold ;  farther  south  this  anticlinal 
fold  seems  to  cross  from  the  Schell  Creek  to  the  Egan  range.  There  are 
probably  some  transverse  faults. 

The  Highland  range  has  a  system  of  petty  folds,  some  longitudinal 
and  some  transverse.  There  are  also  a  number  of  transverse  faults,  some 
of  .which  have  vertical  displacements  of  several  thousand  feet.  In  the 
mining  camp  of  Pioche  there  is  exposed  by  mining  a  system  of  faults, 
which  is  probably  a  good  index  to  the  less  observed  faults  of  the  range. 
The  faults  here  are  numerous  and  belong  to  a  north-and-south  and  an 
e:ist-and-west  system.  The  main  one  runs  east  and  west,  and  along  it 
the  relatively  downthrown  side  forms  the  highest  hills,  being  indeed 
marked  by  a  continuous  cliff,  which  but  for  the  fact  above  stated  might 
be  considered  a  typical  fault-scarp.  The  massive  metamorphosed  lime- 
stone has  resisted  erosion  better  than  the  brittle,  easily  frost-fractured 
quartzite  on  the  upthrown  side.    Other  faults  are  marked  by  gullies. 
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The  less  definitely  determined  cross-faults  of  the  main  range  are  also 
typically  marked  by  transverse  gaps  and  not  by  scarps. 

The  conclusion  is  natural  that  in  these  ranges  deformation  of  the 
topography  by  faults  and  folds  has  been  mainly  mastered  and  obliterated 
by  differential  erosion,  to  which  is  chiefly  due  the  present  relief. 

Snake  range. — In  the  Snake  range  the  structure  is,  in  general,  anticlinal. 
At  Wheeler  or  Jeff  Davis  peak  it  is  quaquaversal ;  at  Uiyabi  pass  anti- 
clinal. The  name  Kern  mountains  is  applied  to  a  north west-and-south- 
east  ridge,  transverse  to  the  general  trend  of  the  range ;  this  range  seems 
also  anticlinal.  In  the  main  range  the  eastern  half  of  the  anticline  has 
often  been  removed,  apparently  by  erosion. 

The  range  is  one  of  considerable  faulting.  North  of  Wheeler  peak  are 
^wo  east-and-west  faults,  and  north  of  the  Kern  mountains  is  a  northwest- 
and-southeast  fault.  The  two  faults  north  of  Wheeler  peak  have  given 
rise  to  a  transverse  gap  across  the  range  at  this  point.  One  of  the  faults 
shows  an  obscure  reversed  scarp  on  the  downthrown  side,  the  other 
on  the  upthrown  side.  This  shows  that  the  first  surely,  and  perhaps 
both,  are  due  to  erosion.  The  fault  north  of  the  Kern  mountains  lies  in 
and  has  probably  determined  Pleasant  valley. 

The  massive  character  of  the  rocks  in  this  range  renders  the  differen- 
tial work  of  erosion  comparatively  slight,  but  various  phenomena,  such 
as  the  above-mentioned  relation  of  the  faults  to  the  topography,  show 
that  general  erosion  has  been  long  and  powerful.  This  is  also  pointed 
out  by  the  fact  that  quite  ordinary  springs  have  been  able  to  excavate 
deep  and  picturesque  canyons. 

Long  Valley  range. — This  range  consists  of  low  ridges  of  Carboniferous 
strata,  which  lie  between  the  Egan  range  and  the  northern  extension  of 
the  White  Pine  range.  The  main  ridge  has  an  apparent  monoclinal 
structure.  This,  however,  is  really  the  east  side  of  an  anticline  whose 
westerly  side  is  exposed  in  the  next  ridge  westward,  the  intervening 
valley  being  formed  by  erosion  along  the  axis  of  the  fold.  This  fold  is 
succeeded  farther  east  by  a  syncline,  a  second  anticline,  and  a  second 
syncline. 

Anticlinal  valleys  and  the  synclinal  or  monoclinal  ridges  are  predomi- 
nant.   The  range  is,  therefore,  one  of  erosion. 

White  Fine  range. — In  general  the  White  Pine  range  is  made  up  of 
synclinal  ridges  and  anticlinal  valleys.  The  main  ridge  from  Hamilton 
northward  is  a  persistent  syncline.  In  the  immediate  vicinity  of  Ham- 
ilton, however,  in  the  White  Pine  mining  district,  there  are  certain  faults 
which  appear  to  be  so  recent  and  to  have  such  intimate  connection  with 
the  topography  that  it  seems  likely  they  have  actually  displaced  the 
surface  and  that  the  break  has  not  yet  been  disguised  by  erosion.    The 
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minor  anticlinal  fold  of  Treasure  hill  evidently  belongs  to  the  same  re- 
cent period  of  deformation,  and  also  determines  directly  the  topography. 
The  faults  in  this  district  are  north-and-south,  eas^ftnd- west,  and  oblique, 
ope  noted  being  north west-and-southeast. 

Quinn  Canyon  and  Orant  ranges. — The  Grant  rauge  is  a  southern  ex- 
tension of  the  White  Pine  range,  and  at  its  own  southern  end  is  directly 
connected  with  the  Quinn  Canyon  mountains.  These  ranges  are  inter- 
esting because  they  have  on  both  sides  comparatively  steep  scarps,  which 
are  by  no  means  so  common  in  the  Great  basin  as  has  been  believed. 

The  Quinn  Canyon  range  consist^  at  its  northern  end  of  a  broad  shallow 
syncline,  while  the  anticline  adjacent  on  the  east  lies  in  the  valley  sepa- 
rating these  mountains  from  the  Grant  range.  The  Grant  range  at  thia 
point  is  also  essentially  synclinal,  but  the  anticline  which  lies  east  of  this 
second  syncline  is  oft^n  exposed  in  its  eastern  face.  Thus  there  are  in 
general  two  adjoining  synclinal  ranges,  separated  by  an  anticlinal  valley. 
On  the  east  face  of  the  Grant  rang^  and  on  the  west  face  of  the  Quinn 
Canyon  range,  moreover,  the  structure  is  anticlinal,  and  appears  to  de- 
termine the  limit  of  the  mountains  (see  plate  25,  figure  1). 

The  north  end  of  the  Quinn  Canyon  range  is  alpng  a  fault,  but  in  this 
case  the  relatively  upthrust  rocks  to  the  north  constitute  the  foothills, 
while  the  downthrust  Silurian  rocks  on  the  south  form  an  abrupt  moun- 
tain scarp. 

It  is  plain,  therefore,  that  in  th^se  ranges  the  chief  topography  is 
due  to  erosion,  which  has  worked  so  powerfully  as  to  overbalance  any 
deformation.  Some  of  the  scarps  have  no  connection  with  faults;  for 
example,  in  the  case  of  those  north-and-south  scarps  which  form  the 
east-and-west  faces  of  the  ranges  it  has  been  demonstrated  that  no  great 
governing  faults  exist.  In  the  case  of  the  north  end  of  the  Quinn  Canyon 
range,  which  is  along  an  east-and-west  fault,  the  fact  above  stated  shows 
that  the  steep  scarp  is  not  directly  due  to  faulting,  being  indeed  the  re- 
verse oT  what  it  would  be  if  this  were  the  case,  and  must  be  directly  due 
to  erosion.  As  a  matter  of  fact,  the  scarps  which  bound  these  mountains 
are  no  more  rugged  than  the  interior  topography.  The  canyons  are  deep, 
with  precipitous  walls,  and  bear  witness  to  the  localized  or  basal  erosion 
which  operates  so  powerfully,  as  contrasted  with  genecal  erosion,  in  an 
arid  and  mountainous  region. 

Diamond  range, — The  Diamond  range  consists  chiefly  of  an  anticlinal 
fold  with  an  attendant  syncline.  The  main  axis  of  the  range  cuts  across 
the  strike  of  these  folds  in  their  minor  deviations,  but  is  in  general  par- 
allel to  it.  In  the  Eureka  district  there  is  a  condition  often  found  in 
mining  regions,  where  complicated  topography  is  dependent  upon  in- 
creased complications  of  structure.   Such  topography  may  be  due  directly 
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to  deformation  or,  more  often,  directly  to  erosion  acting  upon  the  folded 
and  faulted  rocks.  In  this  place  it  is  plainly  due  to  the  latter  process. 
There  are  a  aeries  of  faults  which  strike  in  general  northwest  and  south- 
east, transverse  to  the  trend  of  the  mountains  at  this  point.  These  faults 
are  not  directly  expressed  in  the  topograph3%  for  sometimes  the  down- 
thrown  side  appears  as  a  scarp  artd  sometimes  the  upthrown,  depending 
u{)on  the  relative  resistance  of  the  beds,  while  more  frequently  there  is 
no  effect  upon  the  topograph}',  except,  perhaps,  the  formation  of  a 
gulch.^    Therefore  the  Diamond  range  is,  so  far  as  known,  one  of  erosion. 

Egan  range. — The  Egan  range  consists  of  a  number  of  adjacent  folds 
which  have  been  well  dissected  by  erosion.  In  the  extreme  northern 
end  the  prevailing  structure  is  anticlinal,  and  farther  south  it  changes 
to  synclinal.  At  the  southern  end  there  is  an  alternating  series  of  open 
folds  which  are  not  expiessed  in  the  topography.  Here  the  writer  sus- 
pected a  number  of  east-and-west  faults  along  lines  marked  by  deep 
transverse  gaps,  but  not  by  scarps.* 

In  general,  therefore,  this  range  seems  to  be  one  of  erosion. 

Pancake  range, — The  faulted  syncline  of  Newark  mountain  and  the 
Alhambra  hills,  which  is  found  in  the  Eureka  district  of  the  Diamond 
range,  is  continued  southeast  across  the  intervening  valley  to  the  Pan- 
cake range. 

At  the  south  end  of  the  Pancake  range,  at  Twin  springs,  a  number  of 
north-and-south  faults  were  observed  in  the  Pliocene  sediments.  Some 
of  these  faults  have  a  vertical  separation  of  several  hundred  feet  and  are 
marked  by  gullies,  but  not  by  scarps. 

The  Pancake  range,  therefore,  is  largely  one  of  erosion.  To  this  must 
be  added  vulcanism,  for  a  large  part  of  it  is  built  up  of  lava. 

Hot  G'eek  range. — At  Hot  creek  the  range  is  essentially  a  faulted  anti- 
cline, supported  on  the  west  by  a  heavy  buttress  of  rhyolite,  which  far- 
ther north  envelopes  and  hides  the  Paleozoic  core.  Observed  faults  run 
north  and  south,  while  others,  strongly  suspected,  are  east  and  west. 
Some  of  the  north-south  faults  are  marked  by  gulches  and  some  by 
normal  scarps  (see  plate  25,  figure  5). 

The  anticlinal  ridge  with  no  core  of  relatively  great  resistance,  and 
the  normal  fault-scarps  suggest  strongly  the  theory  of  origin  by  direct 
deformation.  The  question,  at  first  puzzling,  as  to  why  erosion  has  been 
so  comparatively  impotent  here  finds  a  plausible  answer  when  we  con- 
sider that  the  lavas  must  have  originally  covered  this  portion  of  the 
range  as  they  do  now  a  few  miles  farther  north.  This  covering  must 
have  protected  the  Paleozoic  strata  from  erosion  ;  but  in  the  lava  buttress 

*S«e  AtlAB,  MoDogrnph  xx,  U.  S.  Geol.  Survey. 
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above  referred  to  transverse  gaps  several  thousand  feet  deep,  with  tribu- 
tary gulches,  have  been  excavated. 

Rimmi  of  structure  of  eastern  central  Nevada. — In  every  case  which  has 
been  described,  except  the  last,  the  ranges  appear  to  have  been  formed 
chiefly  by  erosion.  Synclinal  ridges  are  frequent  and  faults  not  CBpe- 
cially  abundant.  When  faults  have  been  found  to  be  present  they 
have  no  primary  effect  upon  the  topography,  except  in  rare  cases.  In 
general,  indeed,  they  stand  as  witnesses  of  the  greater  power  of  erosion 
by  their  lack  of  scarps,  by  the  reversed  scarps  (that  is,  scarps  where  the 
eminence  is  on  the  downthrown  side  of  the  fault),  or  by  the  deep  gulches 
which  have  been  eroded  along  them.  The  Tertiary  volcanic  rocks  which 
are  found  in  this  region  also  show  very  deep  erosion. 

The  Hot  Creek  range  belongs  to  an  exceptional  type,  whose  deforma- 
tion features  have  apparently  not  been  overbalanced  by  erosion,  and  this 
is  very  likely  due  to  protection  by  overlying  lavas,  which  have  them- 
selves suffered  deep  erosion. 

RANOBS  OF  WBSTBRN  CBNTRAL  NBVADA 

Thquima  range, — ^Most  of  the  Toquima  range  consists  of  Tertiary  vol- 
canics,  eroded  so  profoundly  that  in  places  (as  near  Belmont)  dikes, 
which  were,  perhaps,  the  feeders,  are  exposed.  The  stratified  rocks,  which 
lie  near  Belmont  and  south  of  it,  appear  to  be  bent  into  an  anticlinal  fold, 
which  trends  north  and  south.  Along  the  axis  of  this  is  a  minor  valley, 
probably  one  of  erosion. 

We  may  conclude  that  this  range  owes  its  origin  to  differential  ero- 
sion plus  vulcanism. 

Toyabe  range. — This  range  lies  immediately  west  of  the  Toquima  range. 
Its  southern  portion  is  entirely  buried  beneath  immense  flows  of  rhyo- 
lite.  Farther  north  *  the  structure  is  a  distinct  anticlinal  fold,  running 
nearly  north  and  south.  A  little  south  of  latitude  40  degrees  this  fold 
is  cut  by  an  east-and-west  fault.  The  axis  of  the  anticlinal,  according 
to  Mr  Emmons,t  has  suffered  from  a  pressure  coming  from  a  direction 
different  from  that  which  originally  formed  it,  so  that  it  is  curved  and 
the  folds  distorted.  This  deformation  of  the  original  north-and-south 
fold  is  probably  connected  with  the  east-and-west  faulting.  At  Ophir 
canyon  Mr  Emmons  noted  a  syncline  adjacent  and  to  the  east  of  the 
main  anticline. 

The  anticlinal  structure  is  explained  when  we  find  that  the  rock  ex- 
posed along  the  axis  of  the  fold  is  a  heavy  quartzite,  more  resistant  than 
the  limestone  which  overlies.    This  structure,  then,  instead  of  indicating 

♦King:  Geological  Explorations  of  the  Fortieth  Parnllel,  vol.  i,  p.  740. 
fGeologinal  Exploration.*)  or  the  Fortieth  Parallel,  vol.  iii,  Mining  Industry,  p.  326. 
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that  the  range  is  directly  due  to  deformation,  is  in  this  case  rather  an 
evidence  of  deep  erosion. 

Walker  River  range. — As  the  Walker  River  range  is  chiefly  composed 
of  igneous  rocks,  it  is  difficult  to  draw  such  reliable  conclusions  as  to  its 
structure  and  origin  as  in  the  case  of  the  range  made  up  of  stratified 
rocks.  This  range  on  its  eastern  side  has  a  steep  scarp,  resembling  in 
miniature  the  eastern  scarp  of  the  Sierras.  At  the  foot  of  this  is  Walker 
lake.  The  scarp  has  been  explained  by  Professor  Russell  as  having  been 
formed  directly  *  by  a  fault.  We  are,  however,  without  convincing  evi- 
dence as  to  whether  the  scarp  is  a  simple  erosion  scarp,  a  simple  fault- 
scarp,  or  an  erosion  fault-scarp  (the  latter  term  signifying  a  scarp  formed 
by  erosion  along  a  fault-plane),  for  in  the  first  place  we  have  no  proof 
of  the  fault's  existence,  and  in  the  second  place,  supposing  the  fault  to 
exist,  we  have  no  proof  of  its  relation  to  the  origin  of  the  scarp.  On  the 
other  hand,  the  basal  erosion  at  the  foot  of  the  scarp  is  strongly  marked. 
As  has  been  stated,  Walker  lake  and  Walker  river  lie  here,  and  in  former 
times  the  lake  was  more  extensive^  being  an  arm  of  the  greater  lake 
Lahontan.  The  erosive  action  of  the  present  lake  is  probably  not  in- 
considerable, and  that  of  the  ancient  lake  is  abundantly  proved  by  the 
high  and  deep  terraces,  which  are  at  least  several  hundred  feet  high  and 
1  or  2  miles  in  width,  and  are  composed  of  great  angular  and  subangular 
boulders  derived  from  the  mountain  above.  The  abstraction  of  so  much 
material  from  the  base  of  the  mountains  would  have  perhaps  formed 
the  scarp  without  any  other  agency. 

Pinenul  and  Virginia  ranges  and  the  eastern  face  of  the  Sierras. — What 
has  been  said  concerning  the  Walker  River  range  applies  also  to  these 
ranges,  which  have  similar  characteristics.  They  are  chiefly  made  up  of 
igneous  rocks,  and  show  abrupt  east-facing  scarps,  while  the  west  face  is 
generally  but  not  always  of  gentler  slope  In  each  range  also  the  steep 
eastern  side  is  composed  chiefly  of  granular  rocks,  while  the  western 
side  is  typically  covered  by  volcanics.  This  of  itself  is  not  a  clue  to  the 
origin  of  the  mountains,  for  such  would  be  the  case  whether  the  scarp 
was  formed  by  erosion  or  by  faulting.  There  are,  however,  evidences  of 
north-and-south  lines  of  fracture,  which  are  very  likely  also  lines  of  dis- 
placement. Springs  break  out  along  these,  from  which  it  happens  that 
they  are  also  lines  of  erosion,  producing  within  the  ranges  longitudinal 
gulches.  It  is  very  likely  that  the  steep  eastern  scarps  are  marked  by 
similar  displacements,  which  may  be  greater  than  ordinary.  On  account 
of  the  considerable  erosion  which  is  shown  throughout  this  district, 
however,  it  seems  more  probable  that  the  mountain  fronts  are  not  simple 

*  Monograph  xi,  U.  8.  Geol.  Survey 
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fault-scarpSy  but  are  either  simple  erosion  scarps  or  erosion  fault-scarps.* 
The  rapidity  with  which  the  Carson  river  has  eroded  its  deep  canyon 
between  Carson  and  Dayton  since  the  disappearance  of  the  late  Pliocene 
lake  Shoshone  and  the  deep  and  rugged  transverse  canyons  in  the  Vir- 
ginia range  all  militate  against  the  belief  that  fitulting  should  have  been 
rapid  enough  to  have  outstripped  on  so  large  a  scale  the  erosion. 

While  acknowledging,  then,  that  it  will  require  more  careful  study  to 
finally  decide  the  origin  of  these  volcanic  ranges,  we  may  yet  point  out 
that  the  fault  theory  has  only  the  value  of  an  hypothesis,  and  at  the 
same  time  we  may  indicate  the  claims  of  an  antagonistic  hypothesis, 
that  of  basal  erosion. 

Although  the  climate  is  arid,  this  region,  compared  with  the  most  of 
the  Great  basin,  is  well  watered,  for  it  receives  streams  which  rise  in  the 
moister  Sierras.  In  earlier  times  the  region  was  occupied  by  fiorded 
lakes  which  firetted  their  mountain  shores  and  wore  them  back.  On 
account  of  the  general  westerly  slope  of  the  whole  western  part  of  the 
Great  basin  these  lakes  were  deeper,  and  consequently  possessed  more 
eroding  and  transporting  power  on  the  western  side  of  the  valleys ;  and 
when  they  shrank  so  that  they  could  not  occupy  whole  valleys,  they 
rested  against  the  eastern  face  of  the  ranges.  Lake  Lahontan  washed 
the  eastern  side  of  the  Walker  River  range,  but  did  not  touch  the  west- 
ern ;  it  lay  at  the  eastern  base  also  of  the  range  next  west,  but  did  not 
approach  its  western  Bide.t  Hence  it  is,  perhaps,  that  the  ranges  have  a 
tendency  to  a  steep  scarp  on  the  east  more  than  on  the  west.  In  places, 
however,  we  find  they  have  worn  back  so  as  to  present  a  steep  scarp  on 
both  east  and  west.  This  is  true  of  the  Pinenut  range  just  east  of  Day- 
ton ;  at  this  point  lake  Lahontan  washed  both  sides  of  the  range.|  The 
Sierra  Nevada,  since  it  formed  the  final  barrier  to  all  these  lakes,  was 
naturally  attacked  only  on  one  side.  § 

Excelsior  range. — The  Excelsior  range  is  made  up  partly  of  igneous  rock 
and  partly  of  a  series  of  folded  limestones,  shales,  and  sandstones.  In 
the  limestones  fossils  were  foui^d  which  are  regarded  as  early  Tertiary, 
while  the  sandstones  (judging  from  their  lithology  alone)  appear  more 
nearly  referable  to  the  Jurassic  or  Triassic.  These  sedimentary  rocks 
have  been  folded  and  eroded  so  as  to  outcrop  in  synclinal  hills  and  anti- 
clinal valleys.  The  volcanic  rocks,  which  are  of  later  date,  have  also 
been  deeply  worn  down.    The  axis  of  the  main  fold  is  east  and  west  ■ 

The  Excelsior  mountains,  therefore,  were  folded  during  Tertiary  time ; 


*  See  p.  259. 

t  Russell :  Map,  Monograph  xi,  U.  S.  Gcol.  Survey. 

{Russell:  Ibid. 

I  The  question  of  the  existence,  number,  and  nature  of  the  Tertiary  lakes  of  the  Great  basin, 
although  demanding  discussion  (see  W.  M.  Davis,  Proc.  Am.  Acad.  Aftsand  Sciences,  vol.  xxx.r, 
no.  17,  March,  1900),  can  not  suitably  be  dwelt  on  in  this  paper. 
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subsequently  covered  b}*^  lavas ;  and  deeply  worn  down  by  general  ero- 
sion, which  produced  anticlinal  valleys  and  synclinal  hills. 

Resume  of  ranges  ofwesleiti  ceiitral  Nevada, — The  abundance  of  volcanic 
rock  in  this  region  makes  the  determination  of  the  origin  of  the  ranges 
slill  more  uncertain  than  usual.  The  high  degree  of  folding  of  the 
early  Tertiaries  (which  are  not  found  farther  east)  shows  that  the  last 
epoch  of  mountain-making  was  Tertiary.  We  can  not  be  sure  how  long 
this  period  of  disturbance  lasted,  nor  have  we  any  reason  for  believing 
that  it  is  yet  entirely  finished.  But  the  period  of  greatest  activity  closed 
before  the  epoch  of  the  late  Pliocene  early  Pleistocene  lake  Shoshone> 
whose  deposits  are  generally  horizontal.  In  certain  places,  however,  the 
deposits  of  this  lake  have  probably  been  uplifted  a  thousand  feet  or  more 
in  a  gentle  swell,, showing  more  recent  Pleistocene  movement.  Whether 
any  of  the  pronounced  folds  and  faults  have  outstripped  erosion  so  as  to 
preserve  their  direct  expression  in  the  topography  we  can  not  bC'Certain, 
though  it  appears  possible.  This  region  lies  in  an  orographic  zone,  whose 
trend  is  defined  by  the  direction  of  its  mountain  ranges  and  by  their  I 
parallelism  to  the  eastern  front  of  the  Sierra ;  farther  south  this  zone  /  ^ 
includes  the  Death  Valley  region,  where  late  Tertiary  and  Pleistocene  de-  [ 
formation  certainly  occurred,  and,  apparently,  directly  created  mountains 
and  valleys.*  Nevertheless,  where  we  have  opportunity  to  investigate 
the  amount  of  erosion  in  western  centpal  Nevada,  as  in  the  case  of  the 
Excelsior  mountains,  we  find  it  has  been  sufficient  to  overbalance  the 
effects  of  the  Tertiary  folding.  Therefore  we  must  conclude  that  the 
effects  of  erosion  are  more  important  than  those  of  direct  deformation, 
though  the  latter  agency  may  be  a  greater  factor  than  we  are  yet  aware 
in  producing  ranges  and  minor  topography. 

SA  NQES  OF  so  VTHERN  NB  VA  DA 

Virgin  range. — The  Virgin  range  constitutes  the  last  of  the  high  moun- 
tain ranges  to  the  east  and  faces  tlie  Colorado  plateau.  According  to 
Marvine,t  the  east  face  of  the  range  coincides  with  a  fault  which  appears, 
to  be  one  of  the  Colorado  Plateau  system,  for  Button  J  describes  on  the 
eastern  edge  of  the  Grand  wash  (which  lies  directly  east  of  the  Virgin 
range)  a  second  fault,  by  which  the  country  to  the  east  is  upheaved 
between  six  and  seven  thousand  feet.  Marvine  states  that  the  main 
fold  of  the  range  is  an  anticline.  Toward  the  south  the.  folding  dies 
out,  and  the  rocks  become  horizontal  in  the  Colorado  canyon. 

If,  as  appears  from  the  reports,  the  eastern  face  of  the  range  is  a  simple       / 

♦8«ep.  239. 

♦U.  S.  Geol.  Survey  West  of  Hunilrodth  Meridian,  vol.  iii,  Geology,  p.  104. 

t  Second  Ann.  Kept.  U.  S.  Geol.  Survey,  p.  120. 

XXXI V— Bull,  0«ol.  Soo.  Am.,  Vol.  12,  1000 
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faullrscarp,  it  seems  likely  that  the  fold  may  also  be  comparatively 
recent.  Erosion  has  undoubtedly  been  active,  but,  sinc^  it  apparently 
has  not  yet  overcome  deformation,  we  may  consider  the  range  as  being 
due  primarily  to  the  latter,  with  the  minor  topography  determined  by 
erosion. 

JfoYTTion  range. — ^The  Mormon  range  is  anticlinal  in  structure.  Along 
the  crest  of  the  anticline,  in  the  Carboniferous  limestones,  a  notch  has 
been  eroded,  which  is,  however,  not  yet  deep  enough  to  form  an  interior 
valley.  The  slight  development  of  this  valley  is  proof  that  erosion  has 
not  yet  been  able  to  complete  the  work  which  it  has  undertaken,  that 
of  overcoming  the  direct  effects  of  deformation  on  the  topography.  The 
folding  must  then  be  comparatively  recent.  The  earlier  Tertiaries  which 
lie  at  the  foot  of  the  mountains  are  conformable  with  the  Paleozoic  rocks 
and  have  been  upturned  with  them.  The  date  of  the  general  disturb- 
ance, therefore,  can  hardly  be  earlier  than  Middle  Tertiary.  Moreover, 
the  late  tertiary  sediments  also,  which  in  some  cases  may  even  be  early 
Pleistocene,  have  been  in  places  folded  and  faulted.  These  faults  are 
comparatively  slight  and  of  different  ages,  as  is  shown  by  the  fact  thatr 
some  are  not  expressed  in  the  topography,  erosion  having  overcome 
their  effects,  while  others,  more  recent,  have  faulted  the  present  surface 
equally  with  the  underlying  rocks  (see  plate  25,  figure  4). 

We  tnay  conclude  that  the  origin  of  these  mountains  is  like  that  of 
the  Virgin  range;  that  they  are  primarily  due  to  comparatively  late 
folding,  and  probably  in  a  less  degree  to  faulting,  while  in  the  minor 
features  of  topography  erosion  has  already  accomplished  considerable 
work. 

Meadow  VtUUi/  range, — The  north  end  of  this  range  is  largely  volcanic, 
but  in  places,  as  at  Delamar,^  the  heavy  Cambrian  quartzites  and  lime- 
stones, which  extend  south  from  the  Highland  range,  are  exposed.  South 
of  Delamar  stratified  rocks  are  the  rule,  and  at  the  southern  end  the 
range  is  entirely  made  up  of  Carboniferous  limestones.  In  a  section 
across  the  range  at  this  point,  following  the  valley  of  Muddy  creek,  no 
less  than  six  parallel  and  adjacent  open  folds  were  observed.  The  syn- 
clines  generally  form  ridges,  the  anticlines  longitudinal  depressions  or 
valleys.  North  of  Muddy  creek  the  central  ridge  is  synclinal,  while 
south  from  it  there  are  two  principal  synclinal  ridges,  with  an  interven- 
ing anticlinal  valley.  The  faces  of  the  ridges  are  often  steep,  and  ^ight 
be  considered  by  casual  observers  to  be  fault-scarps,  yet  there  is  no 
known  evidence  of  faulting  along  them. 

At  Delamar  Mr  Emmons  has  observed  a  heavy  east-west  fault  in  the 
Cambrian  strata,  having  a  downthrow  on  the  north  of  probably  several 

*  Verbal  communication  by  Mr  Emmons. 
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thousand  feet.    This  fault  has  determined  a  minor  valley,  but  has  no 
primary  effect  on  the  topography. 

The  Meadow  Valley  range,  therefore,  is  a  typical  example  of  moun- 
tains formed  almost  entirely  by  erosion,  which  has  carved  them  out  of  a 
series  of  gently  folded  and  probably  little-faulted  strata. 

Las  Vegas  range, — This  irregular  group  of  mountains  lies  close  to  the 
Meadow  Valley  range,  and  indeed  passes  into  it  at  one  point  without 
any  intervening  valley.  It  has  in  general  a  northwest  trend,  but  there 
is  a  branching  ridge  running  due  north  and  forming  a  V  with  the  main 
mass.  Since  this  ridge,  which  is  very  high  and  bold,  was  not  represented 
on  the  maps,  the  writer  called  it,  for  convenience  of  designation,  the  New 
mountains. 

The  general  folding  in  the  Las  Vegas  mountains  is  a  rough,  shallow, 
northeast-and-southwest-striking  syncline,  which  is  succeeded  on  the 
west  by  a  much  sharper  anticline,  along  which  the  narrow  valley  sepa- 
rating the  Desert  and  Las  Vegas  ranges  has  been  eroded.  The  New 
mountains  seem  to  be  separated  from  the  westernmost  ridge  of  the 
Meadow  Valley  range  by  an  anticlinal  valley,  which  at  its  southern  end 
gives  way  to  mountains  uniting  the  two  ranges. 

The  rocks  of  the  range  consist  of  heavy  limestones,  ranging  in  age  from 
Cambrian  to  Carboniferous.  North  of  Mormon  wells  there  appears  to  be 
a  heavy  east-and-west  fault,  which  has  brought  the  Carboniferous  lime- 
stone into  contact  with  the  Cambrian.  The  vertical  displacement  must 
be  several  thousand  feet,  but  it  is  marked  by  no  scarp  whatever,  although 
the  minor  topography  changes,  owing  to  the  different  character  of  the 
two  limestones.  Bold  scarps  are  frequent  and  even  characteristic  in 
these  mountains,  but  so  far  as  could  be  seen  they  are  not  caused  by  faults. 

Recapitulating,  the  mountains  possess  synclinal  ridges  and  anticlinal 
valleys  and  have  a  heavy  east-and-west  fault  which  does  not  affect  the 
topography.  They  are,  therefore,  largely  due  to  erosion.  Since  the  trend 
of  the  main  fold  is  oblique  to  that  of  the  mountains,  the  configuration 
has  not  been  entirely  controlled  by  the  structure.  Las  Vegas  valley, 
which  lies  on  the  west  side  of  the  range  and  separates  it  from  the  Spring 
Mountain  range,  is  wide  and  clear  cut  and  runs  at  nearly  right  angles  to 
the  folding.  Topographically  this  valley  is  a  branch  of  the  valley  of 
the  Colorado  river,  although  actually  it  carries  no  drainage.  If  the  cli- 
mate should  become  moister,  however,  a  stream  would  at  once  establish 
itself,  and  the  aspect  of  the  valley  suggests  that  at  a  former  period  it 
was  carved  out  in  this  way. 

Spring  Mountain  range. — The  Spring  Mountain  range  shows  a  shallow 
wrinkled  syncline,  with  a  northeast-and-southwest  axis.  This  belongs 
to  the  same  series  as  the  folds  of  the  Las  Vegas  range,  which  are  prob- 
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ably  persistent  across  Las  Vegas  valley.  Transverse  to  this  is  a  gentle 
anticline,  from  whose  apex  the  rocks  in  the  center  of  the  syncHne,  which 
should  lie  flat,  dip  north  and  south.  In  the  northern  portion  of  tlie 
range  two  heavy  east-and-west  faults  were  noted.  One  of  these  has  an 
estimated  displacement  of  1,000  feet  and  the  other  of  several  thousand 
feet.  The  first  is  accompanieii  by  a  slight  normal  scarp,  which,  however, 
is  only  an  exceedingly  small  fraction  of  the  vertical  displacement,  and 
is  indeed  caused  by  the  sui)erior  hardness  of  the  upthrust  Cambrian 
quartzite.  It  is,  therefore,  a  simple  erosion  fault  scarp.  The  second 
fault  has  left  no  mark  on  the  topograph}',  since  the  Middle  Cambrian 
limestone  to  the  north  has  about  the  same  resistance  to  erosion  as  the 
Upper  Carboniferous  on  the  south  (see  plate  25,  figures  2  and  3). 

The  general  synclinal  structure,  and  the  powerful  faults  without  at- 
tendant disjdacement  of  the  surface,  bear  evidence  to  long  continued 
erosion,  to  which  the  range  seems  to  be  due.  The  transverse  anti- 
clinal fold  recalls  the  anticlinal  structure  of  the  Kingston  range,  which 
lies  next  west  and  which  is  probably  of  more  recent  origin  than  the 
synclinal  ridges  just  described.  The  anticlinal  swell  in  the  Spring 
Mountain  range,  therefore,  is  perhajis  of  a  later  origin  than  thesyncline, 
and  the  arching  of  the  mountains  along  it  may  be  directly  due  to  de- 
formation and  not  to  differential  erosion.  This  last  peculiarity  is  the 
ruling  feature  of  the  district  which  lies  west  of  here,  where  many  of  the 
mountains  are  very  likely  due  to  uplift,  so  that  this  range  apparently 
lies  on  the  boundary  between  a  region  of  older  and  a  region  of  newer 
folding,  and  may  have  experienced  both.  According  to  this  the  range 
is  due  to  (1)  erosion  plus  (2)  simple  deformation. 

Pahroc,  Ilyko^  and  Pahranagat  ranges, — The  Pahi'oc  range,  as  seen  from 
the  north  by  the  writer,  seems  to  be  anticlinal. 

The  Hyko  and  Pahranagat  ranges,  according  to  Mr  Gilbert,  show 
no  folding,  but  a  series  of  north-and-south  faults  and  an  east-and-west 
fault.  The  topography  of  these  ranges  and  of  the  neighboring  Timpa- 
hute  range  as  well,  is  explained  as  chieflj^  due  to  this  system  of  faulting, 
which  has  produced  parallel  ridges  by  the  downthrow  of  successive 
blocks. 

Mr  Gilbert  has  drawn  sections  of  the  Pahranagat  and  Timpahute 
ranges.*  In  the  case  of  the  latter  range  he  shows  a  number  of  faults 
outcropping  in  the  bottom  of  a  wide  and  shallow  interior  valley,  which 
he  states  has  been  eroded  out  of  soft  shales  lying  between  more  resistant 
quartzite  on  the  west  and  limestone  on  the  east.  The  section  shows 
nowhere  an  example  of  topography  derived  directly  from  structure ; 

•  Hiirvt'yfl  Wf.st  of  the  Hundre<lth  Meridian,  vol.  iii,  Geology,  p.  38. 
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there  are  no  simple  fault-scarps.  On  the  contrar3%  the  faults  indicated 
either  have  no  expression  at  the  surface  or  have  determined  gulches, 
showing  in  both  cases  mastery  of  dislocation  by  erosion. 

Nevertheless,  Mr  Gilbert  is  inclined  to  consider  that  the  range  in  gen- 
eral is  due  to  dislocation  and  uplift  and  not  to  erosion.*    He  writes : 

*•  The  valley  in  the  rang:e,  due  to  the  occurrence  of  soft  shales  between  harder 
beds,  opens  to  the  south,  and  is  deepening  very  slowly,  because  it  is  little  elevated 
above  the  plain.  If  the  depression  occupied  by  the  gravels  of  the  plains  had  itself 
been  not  only  emptied,  but  excavated,  it  is  inconceivable  that  the  shale  in  tlie 
mountain  should  have  escaped  deep  erosion." 

The  detritus,  in  places  several  thousand  feet  tliick,t  which  fills  the    j/ 
broad  valleys  between  the  ranges  indicates  of  itself  the  long  erosion 
which  has  proved  sufficient  to  overcome  all  primary  deformation  in  the 
'interior  of  the  mountains.    However,  this  erosion  has  been  very  largely 
under  arid  conditions,  which  differ  from  those  of  moister  climates. 

In  the  desert  erosion  may  be  divided  into  two  kinds.  The  first 
kind  18  active  where  there  are  local  permanent  water  bodies,  usually 
derived  from  some  source  outside  the  district.  Such  is  the  Colorado 
river,  which  runs  through  an  arid  plateau  and  derives  its  supplies  chiefly 
from  the  distant  Rocky  mountains.  These  exogenous  water  bodies  pro- 
duce topographic  forms  whose  importance  is  greatly  increased  by  the 
relative  inactivity  of  erosion  on  other  parts  of  the  surface.  Thus  by  the 
Colorado  river  the  stupendous  Grand  canyon  has  been  cut,  and  in  many 
of  the  Basin  ranges  springs  of  moderate  volume  have  excavated  deep 
and  picturesque  gorges.  This  kind  of  erosion  may  be  called  special  or 
baml. 

The  second  kind  operates  where  the  extraneous  factor  is  absent.  Here 
the  moisture  is  confined  to  occasional  cloudbursts,  and  its  effect  as  an 
agency  of  erosion  is  equaled  or  exceeded  by  disintegration,  gravity,  and 
eolian  action.  The  result  is  that  in  the  lower  valleys  leveling,  instead 
of  dissection,  is  brought  about,  and  in  the  higher  ones  dissection  is  much 
less  marked  than  in  moister  regions.  So  the  shallow  valley  which  lies 
within  the  Timpahute  range,  and  was  carved  during  a  period  of  moister 
dimate,  is  probably  not  being  deepened,  but  indeed  is  being  made  rela- 
tively shallower  by  the  degradation  of  the  higher  mountains  which  form 
its  sides. 

The  writer,  therefore,  sees  as  yet  no  evidence  that  simple  deformation 
has  played  a  part  in  creating  these  mountains,  and  believes  that  by  far 
the  most  important  agency  in  producing  them  was  erosion. 

•  Op.  clt.,  p.  42. 

fSee  Davife,  Physical  Geography,  p.  309. 
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Worihinginn  mourUain. — This  is  a  single  mountain,  and  would  not  be 
mentioned  except  that  it  has  been  described  by  Mr  Gilbert*  It  lies 
northwest  of  the  Pahninagat  range,  with  which  it  is  connected  by  a 
series  of  hills.  Mr  Gilbert,  apparently  viewing  it  from  its  southern  end, 
sketched  the  structure  as  nearly  horizontal.  The  mountain  rises  with 
the  ordinary  degree  of  declivity  from  the  desert  valleys  at  its  base,  and 
its  slopes  were  believed  by  Mr  Gilbert  to  indicate  faults.    He  says: 

"  I  can  conceive  of  no  erosion  that  slioald  have  left  this  thin  8e|>:ment  as  the 
remnftnt  of  an  inclined  table  or  of  a  fold.  Its  narrowness,  its  fltraightnees,  and 
its  isolation  marked  it  as  a  mass  of  strata  thmst  apward  between  two  fiiulte,  of 
which  the  companion  parts  lie  beneath  the  debris  at  its  feet." 

The  range  was  observed  by  the  present  writer  at  its  northern  end,  and 
a  view  was  also  obtained  southward  along  its  eastern  face.  The  dip, 
which  at  the  southern  end  is  nearly  horizontal,  with  a  slight  easterly 
inclination,  becomes  westerly  farther  north  and  increases  gradually 
until  at  the  northern  end,  some  14  or  15  miles  from  the  southern  end, 
it  reaches  30  degrees  and  follows  the  general  surface  slope.  Therefore 
Mr  Gilbert's  reasons  for  assuming  faults  on  both  sides  do  not  apply  to 
the  northern  end,  for,  seen  from  the  north,  the  mountain  might  be 
explained  by  followers  of  the  fault  hypothesis  as  a  faulted  monocline; 
but  the  change  in  dip  suggests  that  the  mountain  is  part  of  an  anticlinal 
fold.  It  has  been  observed  by  the  writer,  and  previously  by  Mr  Clar- 
ence King,t  that  many  of  the  monoclinal  ridges  of  the  Great  basin 
belong  to  folds  from  which  the  other  parts  have  been  removed  by  ero- 
sion, and  that  very  often,  by  following  a  range,  a  portion  may  be  reached 
where  the  whole  fold  is  shown. 

RhuTTii  of  ranges  of  MotUhem  Nevada. — The  known  evidence  indicates 
that  the  ranges  of  central  southern  Nevada  are  almost  entirely  due  to 
erosion,  which  has  worked  on  a  series  of  folded  and  faulted  rocks  so 
strongly  as  to  overcome  any  direct  effects  of  deformation  on  the  surface. 
But  on  the  margins  of  the  region,  in  the  Mormon  range,  and  possibly  in 
the  Spring  Mountain  range,  there  are  features  of  relief  which  appear  to 
be  primarily  due  to  deformation,  expressed  chiefly  by  folding  and  to  a 
less  degree  by  faulting.  The  deformation  which  is  expressed  iu  the 
topography  is  evidently  younger  than  that  which  has  been  subdued. 

RANGES  OF  CALIFORNIA  ADJACENT  TO  SOUTHERN  NEVADA 

White  Mountain  range. — The  White  Mountain  range  shows  several  ad- 
jacent folds  broken  by  faults.^    The  chief  fold,  according  to  Mr  Walcott, 

•Surveys  Went  of  the  Hundredth  Meridian,  toI.  ill.  Geology,  p.  37. 

t  (teological  Expiorations  of  the  Fortieth  Parallel,  vol.  i,  p.  737,  etc. 

X  a.  K.  r*ill>ert :  Wheeler  Surveys  West  of  the  Hundredth  Meridian,  vol.  iii.  Geology,  p.  34. 

C.  i).  Wttleolt:  Am.  Jour.  Sei.,  3d  ser.,  vol.  xliv,  ld95,  p.  109. 
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is  a  closely  compressed  syncline  overthrown  toward  the  east.  Mr  Wal- 
cott's  section  shows,  in  general,  synclinal  ridges  and  anticlinal  valleys, 
and  both  in  his  section  and  in  Mr  Gilbert's  the  faults  have  no  expres- 
sion in  the  topography. 

Mr  Walcott  has  pointed  out  that  the  structure  of  this  range  is  of  the 
Appalachian  type,  and  from  the  facts  given  we  must  conclude  that  the 
relief  is  due  to  long  continued  erosion. 

Grapevineand Fanercdrangea. — the  Funeral  mountains  are  thesouthern 
continuation  of  the  Grapevine  range,  but  are  not  so  high.  There  is  no 
interval  between  the  two,  but  a  steep  mountain  scarp  on  the  south  side 
of  Pyramid  peak  serves  as  a  boundary.  To  the  north  of  this  line  the 
Grapevine  range  is  made  up  of  Paleozoic  strata,  and  to  the  south  the 
Funeral  mountains  consist  of  Tertiary  sediments  and  volcanics. 

At  Boundary  canyon  the  Grapevine  range  consists  essentially  of  an 
anticline*  cut  by  longitudinal  and  transverse  faults,  while  at  Furnace 
creek,  which  is  near  the  above-defined  line  between  the  mountain  groups, 
the  writer  observed  two  anticlinal  folds  with  an  intervening  syncline. 
Near  the  latter  place  the  topography  seems  to  have  been,  to  a  large  ex- 
tent, directly  determined  by  the  folding,  so  closely  does  one  correspond 
to  the  other.  This  correspondence  is  more  striking  in  the  Funeral  range 
proper.  Here  Furnace  Creek  valley  follows  along  the  bottom  of  a  curv- 
ing syncline,  and  on  both  sides  are  anticlinal  ridges  whose  slope  is  the 
same  as  the  dip  of  the  constituent  beds.  Of  these  ridges,  that  on  the 
west,  sometimes  called  Black  mountains,  is  most  important.  The  rocks 
of  this  dip  down  into  Death  valley,  which  appears  to  be  a  synclinal 
trough.  In  these  folds  has  been  involved  not  only  the  whole  Tertiary 
section,  but  also  the  overlying  oil  vine- basalt,  which,  by  correlation  with 
other  occurrences,  may  be  tentatively  classed  as  early  Pleistocenet ;  the 
movement  must  therefore  have  been  prolonged  into  very  recent  times. 
The  structure  recalls  the  diagram  of  the  Jura  mountains  given  by  Davis.;^ 

But  previous  to  this  recent  folding,  as  the  writer  has  ascertained,  there 
existed  prominent  mountains,  representing  the  present  Grapevine  range, 
whose  rocks  were  little  folded  and  whose  relief  must  have  been  due  to 
pre-Tertiary  erosion  ;/and  to  these  earlier  mountains  the  Grapevine  range 
owes  much  of  its  relief  and  its  elevation  above  the  Funeral  range.  Thus, 
while  the  Funeral  mountains  may  be  said  to  be  due  entirely  to  deforma- 
tion, since  folds  and  probably  faults  are  directly  expressed  at  the  sur- 
face, the  Grapevine  range  owes  its  origin  to  simple  erosion  plus  simple 
deformatidh. 

•G.  W.  Gilbert:  UUjeeler  Surveys  West  of  the  Hundredth  Meridian,  vol.  Hi,  p.  33. 
t  J.  E.  SpiUT:  Jour.  Geol.,  vol.  vili,  no.  7,  p.  636. 
X  Physical  Geography^oston,  1899,  p.  168. 
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Kingston  range. — The  Kingston  range,  as  viewed  from  the  east  and 
north,  appears  to  consist  chiefly  of  a  simple  anticlinal  fold  in  Paleozoic 
limestones.  Stuart  valley,  which  lies  east  of  its  northern  end,  seems 
synclinal.  No  faults  were  observed.  Since  the  range  lies  next  east  from 
the  recently  folded  Funeral  mountains,  the  structure  suggests  that  it  also 
has  originated  by  direct  deformation. 

Mojave  deser^-^outhward  from  the  Kingston  and  Funeral  ranges 
stretches  the  Mojave  desert,  where  upturned  beds,  like  those  of  the 
Funeral  range,  occur.  In  the  Calico  mountains,  near  Daggett,*  these 
folded  Tertiaries  have  been  eroded  to  anticlinal  valleys  and  synclinal 
ridges,  and  there  is  a  heavy  fault  which  is  not  expressed  in  the  topog« 
raphy.  These  hills  are  therefore  due  to  differential  erosion.  Either, 
therefore,  the  uplift  which  affected  them  was  earlier  than  that  which 
folded  the  Funeral  Mountain  region,  or,  granting  that  the  disturbance 
was  simultaneous  in  both  regions,  it  follows  that  for  some  reason  erosion 
has  outstripped  deformation  in  one  locality  and  has  been  distanced  by 
it  in  the  other.  If  the  uplifts  were  indeed  contemporaneous,  erosion 
must  have  been  more  active  in  the  Calico  mountains  than  in  the  Funeral 
range,  or  deformation  must  have  been  more  sluggish.  Considering  the 
first  alternative,  we  find  that  both  regions  possess  the  same  intensely 
arid  climate,  so  that  differences  in  rapidity  of  erosion,  involving  differ- 
ences in  precipitation,  can  hardly  be  postulated.  Thus  we  are  thrown 
back  on  the  second  assumption.  As  a  matter  of  fact,  the  folds  shown 
by  Mr  Storms  are  petty  compared  with  the  grand  flexures  of  the  Funeral 
range. 

COLORADO  PLA  TEA  U 

Eastward  from  the  Basin  ranges  lies  the  Colorado  plateau,  where  the 
strata  down  into  the  Cambrian  are  level,t  with  the  exception  of  occa- 
sional simple  swells  which  seem  to  have  been  contemporaneous  with 
periods  of  folding  in  the  Basin  ranges  or  the  Wasatch.^  The  chief  def- 
ormation has  been  accomplished  by  a  series  of  north-andnsouth  fiiults, 
which  have  generally  expressed  themselves  directly  in  the  topography— 
that  is  to  say,  they  are  marked  by  simple  fault-scarps.§    These  faults 

*  W.  H.  Storma  :  Eleventh  Rept.  Cat.  State  Mining  Bureau,  1892,  p.  347. 

t  G.  K.  Gilbert :  U.  8.  Geol.  Survey  West  of  the  Hundredth  Meridian,  vol.  lii,  Geology,  p.  196. 

C.  £.  Duttou :  Tertiary  History  of  the  Grand  Canyon  District,  Monograph  ii,  U.  S.  Geol.  Survey, 
with  atlas. 

C.  D.  Walcoit:  Am.  Jour.  Sci.,  3d  ser.,  vol.  xxzi,  p.  437. 

X  C.  E.  Dutton :  Second  Ann.  Rept.  U.  S.  Geol.  Survey,  p.  65. 

I  J.  W.  Powell :  Exploration  of  the  Colorado,  p.  182  et  seq. 

C.  E.  Dutton:  Second  Ann.  Rept.  U.  S.  Geol.  Survey,  pp.  117, 118. 124,  126.  126,  133,  etc. 

G.  K.  Gil^>crt :  U.  8.  Geol.  Survey  West  of  the  Hundredth  Meridian,  vol.  iii,  pp.  43-67 ;  yet  for  an 
exception  to  the  rule  see  Gilbert's  lost  wcution  on  p.  50,  where  the  scarp  is  on  the  downtkrown  Mdi> 
of  the  fault,  constituting  a  typical  reversed  erosion  fault-scarp  (see  p.  2^9,  this  paper). 
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are  recent,  as  is  shown  by  the  fact  of  their  expression  in  the  topography 
and  by  their  cutting  the  basalts,  which  are  probably  early  Pleistocene  * 

General  Conclusions  as  to  Origin  of  Basin    Ranges  of  Nevada 

AND  California 

The  process  of  mountain-building  in  this  region  has  been  compli- 
cated, so  it  is  to  be  expected  that  when  the  details  shall  have  been  more 
closely  studied  many  types  of  ranges  will  be  found.  But  at  present  we 
can  hardly  distinguish  more  than  two — those  formed  chiefly  by  erosion 
and  those  due  directly  to  deformation.  To  the  first  class  seem  to  belong 
most  of  the  mountains  of  the  r^ion.  To  the  second  class  probably 
belong  part  of  the  ranges  of  two  outlying  provinces — that  which  lies 
between  the  southwestern  boundary  of  Nevada  and  the  Sierra  Nevada 
and  that  which  lies  near  the  Colorado  river  and  separates  the  Colorado 
plateau  from  the  Basin  r^on. 

In  the  region  where  the  relief  is  due  primarily  to  erosion  there  are 
undoubtedly  topographic  features  caused  by  direct  deformation,  which 
in  this  case  is  comparatively  recent  and  is  of  much  less  importance 
than  the  older  rock  movements  which  erosion  has  overco^ne. 

Faulting  in  general  seems  to  be  about  as  frequent  as  in  other  regions 
which  show  a  similar  amount  of  folding.  The  chief  faults  belong  to  a 
north-and-south  and  an  east-and-west  system.  There  are  also  diagonal 
ones  running  northeast  and  northwest,  and  in  each  of  these  systems  they 
may  have  a  very  great  displacement.  In  mining  districts  like  Hamil- 
ton, Pioche,  and  £ureka  there  are  many  intersecting  faults.  This  local 
complexity  is  connected  with  vulcanism  and  ore  deposition,  and  the 
districts  are  the  equivalents  of  Leadville  and  Aspen,  in  the  Rocky 
mountains.  Even  here  the  faults  generally  have  no  primary  effect  upon 
the  top(^r(iphy,  as  has  been  shown  in  the  case  of  Eureka  and  Pioche, 
while  at  Hamilton  simple  fault-scarps,  due  directly  to  displacement,  are 
probably  present.  This  difference  in  the  influence  of  faults  on  the  to- 
pography, which  is  chiefly  dependent  djpon  their  relative  age,  is  similar 
to  that  in  the  Aspen  district,  where  there  is  a  complex  of  faults  that 
developed  slowly  and  at  different  periods,  so  that  only  the  most  recent 
have  displaced  the  present  surfaccf  In  Meadow  Valley  canyon,  south 
from  Pioche,  a  few  of  the  post-Pliocene  faults  are  accompanied  by  a  cor- 
responding surface  displacement,  but  generally  erosion  has  erased  their 

•Datton :  Op.  cit.,  pp.  118, 124. 125, 134. 

See  also  J.  E.  Spurr :  SucceMion  and  Relation  of  Lavas  in  Great  Baain  Region.    Jour,  Geol., 
vol.  rlii,  no.  7,  p.  636. 
t  Monograph  xxx,  U.  S.  Qeol.  Sarvey. 

XXXV— Bull.  Giol.  Soo.  Am.,  Vol.  12,  1900 
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effects.  The  faults  of  the  Colorado  plateau,  which  have  usually  fonned 
simple  fault-scarps,  belong  to  a  recent  epoch,  and  are  contemporaneous 
with  recent  faults  in  the  Great  Basin  region.  The  two  provinces,  how- 
ever, differ  very  widely  as  to  the  relation  of  topography  to  deformation 
in  each  :  first,  because  in  the  Basin  region  the  influence  of  ancient  de- 
formation and  erosion  in  mountain-making  has  been  immense,  while 
in  the  plateau  this  factor  hardly  exists,  and,  second,  because  the  recent 
faults,  which  form  the  striking  and  almost  solitary  structural  feature 
in  the  plateau,  are,  so  far  as  yet  studied,  far  less  abundant  and  power- 
ful in  the  Great  basin. 

History  of  Deformation  in  the  Great  Basin  Province 

LATE  CAMBRIAN  MOVBMBNT* 

In  many  localities  of  extreme  eastern  Nevada  and  adjacent  Oregpn 
and  Utah  where  examination  has  been  made  a  striking  difference  in  the 
geologic  section,  as  compared  with  that  farther  west,  has  been  observed. 
This  difference  lies  in  the  absence  or  slight  representation  of  the  Silurian 
and  Devonian.  Tlie  upper  horizons  of  the  Cambrian  and  the  lower  ones 
of  the  Carboniferous  are  alsb  often  missing,  so  that  the  Coal  Measures 
may  rest  on  the  Lower  Cambrian.f 

The  general  lack  or  scantiness  of  deposits  representing  such  important 
periods,  joined  to  the  irregularity  in  neighboring  districts  as  to  the 
amount  of  missing  strata,  indicate  that  during  a  large  part  of  the  De- 
vonian and  Silurian  this  was  an  area  of  non  deposition,  and  that  in  this 
same  period  the  Cambrian,  and  perhaps  the  Archean,|  was  deeply  eroded. 

This  region  is  limited  in  Nevada  (except  in  the  northeastern  part)  by 
the  meridian  114  degrees  30  minutes,  west  of  which  are  manythousand 
feet  of  Silurian  and  l)evonian,§  so  the  western  district  was  at  the  bottom 
of  a  deep  ocean  at  the  period  when  the  region  farther  east  was  a  land 
mass.  The  limits  of  the  continent  whose  existence  is  thus  demonstrated 
are  not  yet  known,  but  it  was  probably  of  considerable  size.    The  uplift 

^At  present  the  obscurity  of  the  record  is  »uch  thnt  it  i«  hardly  profitable  to  dincuM  di8iurbuice» 
uf  earlier  date  thaa  thin. 

t  S.  F.  ?:mmuii8  :  Geologkiil  Explorations  of  the  Fortieth  Parallel,  toI.  ii,  p.  368,  444 ;  Rcomonic 
(ieuiof^y  of  the  Merciir  Mining  Dintrict,  Utah,  Sixteenth  Ann.  RepL  U.  8.  Geol.  Survey,  part  ii,  p.  SCO 
(map  and  cross-section). 

C.  D.  Waicott:  Bull.  :jo,  V.  8.  Oeol.  Survey,  p.  :I8. 

K.  E.  Howell :  U.  H.  lieol.  Surveys  West  of  the  Hundredth  Meridian,  vol.  iii,  pp.  238,  242. 

O,  W.  Tower  and  O.  ().  Smith  :  Nineteenth  Ann.  Ropt.  U.  S.  (ieol.  Survey,  part  iii,  p.  628. 

C.  E.  Dntton  :  Monograph  Ii,  U.  S.  Geol.  Survey  A  this,  sheets  ii,  xi,  xiii,  xlv,  xxfi. 

C.  D.  Waloott:  Am.  Jour.  S<'i.,  vol.  xxvi,  p.  4:i7. 

t  Arnold  Hugue  :  <i«»ologicftl  Explorations  of  the  Fortieth  Parallel,  vol.  Ii,  p.  421. 

Clarence  King:  .Same  work,  vol.  i,  p.  I3f». 

I  Arnold  Hague  :  Monograph  xx,  U.  S.  (ieol.  Survey,  p.  13. 
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which  created  it  was  probably  in  late  Cambrian  or  post-Cambrian  times, 
although  it  may  have  been  later.  That  it  was  differential  and  was 
locally  accompanied  by  folding  and  faulting  is  probable,  but  certainly 
the  disturbance  was  not  extensive,  since  within  this  ancient  continental 
area  the  Carboniferous  and  Cambrian  rocks  seem  nearly  everywhere  con- 
formable. 

POST'DB  VONIA  N  MO  VBMBNT 

Somewhere  near  the  close  of  the  Devonian  or  the  beginning  of  the 
Carboniferous  there  was  a  general  depression  of  the  Silurian-Devonian 
continent  below  the  level  of  the  ocean,  as  is  shown  by  the  fact  that  there 
were  deposited  on  it  the  same  thick  Carboniferous  sediments  as  in  the 
region  farther  west.  This  depression  may  have  been  accompanied  by 
folding  in  some  places,  but  so  far  there  is  no  evidence  of  it,  and  from  the 
general  conformability  of  the  Cambrian  and  Carboniferous,  where  these 
occur  nearly  or  actually  in  juxtaposition,  it  is  probable  there  was  no 
widespread  deformation. 

POST  CARBONIFEROUS  MOVBMBNT 

Mr  King  has  reasoned*  that  after  the  Carboniferous  period  the  region 
between  the  Wasatch  and  longitude  117  degrees  30  minutes  in  Nevada 
was  elevated  to  a  land-mass,  so  that  it  did  not  receive  any  Mesozoic  sedi- 
ments. What  were  the  effects  of  this  movement  in  mountain-building 
is  uncertain,  since  they  have  been  obscured  to  such  an  extent  by  the 
post-Jurassic  upheaval. 

POST-JURASSIC  MOVBMBNT 

The  Sierra  Nevada,  as  proved  by  Whitney,  experienced  its  chief  fold- 
ing and  upheaval  at  the  close  of  the  Jurassicf  The  range  consists  of  a 
great  series  of  slates  and  schists,  which  as  a  rule  dip  ea8terl3r.  The 
apparent  monocline  which  this  dip  indicates  has  been  explained  ];  as  a  * 
series  of  closely  appressed  and  overthrown  folds,  the  tops  of  which  have 
))een  truncated.  In  this  connection  it  is  interesting  to  note  that  in  the 
^Vhite  Mountain  range,  which  lies  next  east  of  the  Sierras,  Mr  Walcott  § 
has  described  an  overthrown  fold  whose  strata,  however,  dip  westerly. 

In  the  western  part  of  the  Great  Basin  the  Jurassic  and  Triassic  rocks 
are  highly  folded,  suggesting  that  they  took  part  fn  the  post-Jurassic 


*ri«oloxieal  Rxplorations  of  the  Fortieth  Parallel,  vol.  i,  p.  769. 

tH.  W.  Turner:  Rocks  of  the  Sierra  Nevada,  Fourteenth  Ann.  Rept.  U.  S.  Geol.  Survey,  part  li, 
p.  441. 
tlj«  Conte  :  Ana.  Jour.  Sci.,  3d  ser.,  vol.  xxi,  p.  101. 
i.  8.  Dlller :  Fourteenth  Ann.  Rept.  U.  S.  Geol.  Survey,  part  ii,  p.  444. 
!  Am.  Jour.  Sol.,  vol.  xl,  p.  160.  , 
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movement.  Therefore  Mr  King  *  considered  that  the  great  ranges  of 
western  Nevada  were  thrown  up  at  the  same  time  as  the  Sierra.  Whether 
this  disturbance  was  felt  as  far  east  its  the  Wasatch  Mr  King  was  unable 
to  tell,  but  he  concluded  that  it  was  conRned  to  the  post-Carboniferous 
continent,  which  extended  from  tl^e  Wasatch  westward  to  longitude  117 
degrees  30  minutes,  and  west  of  the  continent  through  a  strip  200  miles 
wide,  which  included  the  present  Sierra  Nevada.  The  westernmost  field 
of  the  upheaval  was,  therefore,  that  of  the  most  powerful  compression. 
Whether  the  disturbance  was  actually  felt  as  far  east  as  the  Wasatch 
Mr  King  could  not  decide. 

The  approximate  coincidence  of  the  eastern  limit  of  Jurassic  folding 
with  the  eastern  boundary  of  the  post-Carboniferous  continent  appears, 
when  considered  by  itself,  very  likely  accidental.  But  the  eastern 
boundary  of  the  post-Carboniferous  (Mesozoic)  continent,  in  Utah  and 
Nevada,  seems  to  have  coincided  very  nearly  with  the  western  boundary 
of  the  Silurian-Devonian  continent.f  Moreover,  in  southeastern  Nevada, 
near  tlie  Utah  boundary,  the  folded  Basin  ranges  with  their  upturned 
Tertiaries  are  separated  from  the  comparatively  undisturbed  Colorado 
plateau  by  approximately  the  same  line,  which  was  thus  also  the  eastern 
limit  of  the  more  important  Tertiary  disturbances.  Since  early  Paleozoic 
times,  therefore,  this  north-and-south  line  has  been  a  critical  one  in  de- 
termining regions  of  deformation  and  sedimentation. 

POST'CBBTACBOUS  MOVBMKNT 

At  the  close  of  the  Cretaceous,  according  to  King,t  the  stress  which 
reelevated  and  folded  the  Rocky  nriountains  produced  its  maximum  dis- 
turbance near  the  western  edge  of  the  area  it  involved,  in  the  region  of 
the  Wasatch,  which  was  also  near  the  western  limit  of  Cretaceous  sedi- 
ments. That  it  was  also  felt  farther  west  in  the  eastern  part  of  the  Great 
basin,  which  had  been  part  of  the  post-Carboniferous  (Mesozoic)  land- 
mass,  is  rendered  probable  by  the  fact  that  during  the  succeeding  early 
Tertiary  period  this  region  suffered  rapid  and  intense  erosion,  producing 
part  of  the  thick  early  Eocene  sediments  of  Utah  and  eastern  Colorado.^ 

In  the  western  part  of  the  Great  basin  the  absence  of  Cretaceous  rocks 
prevents  us  from  ascertaining  whether  this  movement  was  felt.  In  the 
Sierra  Nevada  ||  the  Upper  Cretaceous  and  Tertiary  strata  usually  lie 
nearly  or  quite  horizontal ;  west  of  the  Sacramento  valley,  however,  they 
are  generally  deformed. 

1^ 1—     -  I-    -   ^    ■  -t-    t  ■  ■    I   I      I        I  M-^^     -  -        -        -  —    -       ,     -        — 

*(TeologiGal  ExplorationH  of  the  Fortioth  PHraUel,  vol.  I,  p.  747. 

1 8«e  p.  242. 

X  King :  Op.  cit.,  p.  7.'i4. 

I>ftiiu  :  Maniiiil  of  (jettlogy,  4th  edition,  pp.  359-JI04,  974. 

\  KiiiK  :  Hiid  ;  alMO  op.  nil.,  analytical  map  no.  4. 

I  H.  W.  Turner  •  Si-veuteenth  Ann.  R**pt.  U.  S.  G<»ol.  Surrey,  part  i,  p.  MO. 
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In  the  Colorado  Plateau  region  Dutton^  finds  that  from  the  Carbon- 
iferous to  the  Cretaceous  there  was  physical  rest,'  but  at  the  close  of  the 
Cretaceous,  simultaneously  with  the  Wasatch  uplift,  there  occurred,  on 
a  comparatively  slight  scale,  uplifting,  flexing,  and  dislocating,  followed 
by  erosion. 

EOCENE  MOVEMENTS 

The  Bocene  was  a  time  of  considerable  disturbance  in  the  Great  basin. 
In  the  early  part  of  the  period  the  Vermilion  Creek  sediments  were  laid 
down  in  the  Ute  lake,  with  their  westernmost  and  thickest  portion  near 
the  Wasatch.  The  deposition  of  these  beds  was  stopped  by  a  period  of 
folding  along  the  western  shore,  during  which  the  country  west  of  tha 
Wasatch  sunk  so  that  the  Eocene  waters  ran  200  miles  westward  into 
Nevada,  forming  part  of  the  Gosiute  lake,  in  which  wias  deposited  the 
Green  River  Middle  Eocencf 

After  the  Middle  Eocene  sediments  had  accumulated  they  were  up- 
heaved and  bent  into  folds  having  as  much  as  40  or  50  degrees  dip. 
This  disturbance  may  have  extended  farther  west,  into  the  region  of  no 
known  Eocene  deposition,  but  there  is  no  means  of  judging. 

The  belt  of  Triassic  and  Jurassic  marine  sedimentation  in  western 
Nevada  and  adjacent  California,  defined,  according  to  King,  by  the  ele- 
vation of  eastern  Nevada  at  the  close  of  the  Carboniferous,  became  shut 
off  on  the  west  and  transformed  into  an  elevated  trough  by  the  uplift  of 
the  Sierra  Nevada  at  the  end  of  the  Jurassic.  This  depression  was  ap- 
parently above  the  sea  during  the  Cretaceous  and  early  Eocene,  for  no 
deposits  of  these  periods  have  been  discovered  in  it.  But  during  late 
Eocene  there  were  laid  down  in  it  extensive  lake  beds,  which  are  found 
at  intervals  from  the  Silver  Peak  range  southeastward  into  the  Mojave 
desert,  and  these  were  followed  by  later  Tertiary  strata,  so  far  little  studied. 
Thus  the  present  rather  scanty  evidence  points  to  the  close  of  the  Middle 
Eocene  as  the  time  when  the  post-Jurassic  depression  was  remodeled 
iuto  a  lake  basin.  The  differential  subsidence  which  effected  this  was 
therefore  contemporaneous  with  the  movement  which  according  to  King 
closed  the  existence  of  Gosiute  lake.  The  general  trough  apparently  ex- 
tended at  this  period  southeastward  into  the  Mojave  desert  and  Mexico, 
where  the  lake  beds  are  replaced  by  Upper  Eocene  marine  sediments, 
overlain  by  marine  Miocene.  The  depression  thus  formed  has  persisted 
through  Tertiary  and  Pleistocene  time  to  the  present  day.  It  is  now  rep- 
resented in  Mexico  by  the  gulf  of  California,  and  in  California  and  Nevada 
by  the  Colorado  and  Mojave  deserts  and  that  relatively  sunken  western- 
most belt  of  the  Great  basin  which  borders  the  Sierra  Nevada. 

♦Second  Ann.  Kept.  U.  S.  (jeol.  Survey,  p.  65. 
t  King  :  Op.  cit.,  pp,  747  uod  755. 


246        J.  E.  8PURR— ORIGIN  AND  STRUCTUKB  Ol^THE  BASIN  RANGES 

On  the  west  the  Sierra  Nevada  interposed  between  the  Eocene  lake 
and  the  ocean  a  barrier,  which,  judging  from  the  thickness  of  the  lake 
sediments,  must  have  been  high.  If  the  east  front  of  this  range  was 
determined  by  faulting,  the  displacement  must  have  originated  before 
this  period.  That  the  Tertiary  movements  which  the  Great  basin  un- 
derwent did  not  in  general  affect  the  Sierra  Nevada,  however,  is  shown 
by  the  circumstance  that  in  this  range  the  Tertiary  strata  lie  nearly 
horizontal. 

In  the  Colorado  plateau  Dutton  *  concludes  that  the  region  which  had 
been  submerged  during  the  Eocene  was  uplifted  at  its  close  and  exposed 
to  denudation. 

MIOCENE  MOVEMENTS 

King  concluded  that  the  entire  western  portion  of  the  Great  basin 
sank  at  the  close  of  the  Eocene,  forming  Pah  Ute  lake,  which  covered 
much  of  Nevada,  Idaho,  eastern  Or^on,  and  part  of  California.  Since 
the  Sierra  Nevada  was  the  lake's  western  boundary,  he  reasoned  that 
the  eastern  front  of  the  range,  which  he  believed  a  fault-scarp,  originated 
when  the  basin  was  formed.  But  it  has  just  been  shown  that  this  de- 
pression was  made  during  the  Ek>cene,  and  the  movement  permitting 
Miocene  sediments  to  extend,  as  King  has  described,  may  have  been  a 
deepening  of  the  earlier  trough.  The  new  sediments,  so  far  as  studied, 
seem  to  have  been  laid  down  on  the  older  beds  without  any  striking 
unconformity. 

After  the  Miocene  closed,  its  sediments  were  upturned  in  folds  attain- 
ing a  dip  of  as  much  as  25  d^rees,  and  a  new  depression  was  formed, 
which  received  the  Pliocene  Shoshone  lake.t 

In  the  Sierra  Nevada  there  was  little  or  no  folding.  The  lofty  range 
which  resulted  from  general  uplift  at  the  close  of  the  Shasta-Chico  Cre- 
taceous X  had  been  actively  eroded  since  then,  and  reached  its  stage  of 
least  topographic  relief  in  the  Miocene.  Late  in  the  Tertiary,  according 
to  Mr  Diller,§  the  elevation  of  the  range  was  intensified  by  faulting. 
Nevertheless  this  was  a  region  of  little  disturbance  as  compared  with 
the  Great  basin. 

In  the  Colorado  plateau  the  Miocene  was  a  period  of  slight  deforma- 
tion, resulting  in  gentle  swells  of  the  strata.)) 

PLIOCENE 

The  Pliocene  Shoshone  Lake  deposits  in  the  Great  basin  are  usually 

•  Hecoud  Ann.  Reprt  U.  8.  Gool.  Survey,  p.  65. 

t  KinK  :  Op.  cit.,  p.  466. 

t  J.  8.  Diller :  Foarteenth  Ann.  Repi,  part  ii,  p.  421. 

I  Op.  cit.,  p.  433. 

I  C  K.  Dutton  :  Second  Ann.  Ropi.  IT.  S.  Geol.  Survey,  p.  65. 
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horizontal,  showing  that  this  period  was  not  one  of  very  great  disturb- 
ance. Nevertheless  there  was  probably  some  local  folding  and  consider- 
able uplift  and  subsidence  on  a  large  scale.  Some  of  the  folds  and  faults 
which  had  been  previously  formed  continued  their  growth. 

In  the  Death  Valley  region  the  earlier  Tertiary  plications  became 
more  marked,  as  shown  by  the  upturning  of  probable  Pliocene  strata. 
At  Twin  springs,  in  the  Pancake  range,  and  in  the  Meadow  Valley  can- 
yon the  writer  noted  in  Pliocene  strata  faults  which  are  not  so  recent  as 
those  presently  to  be  described  as  Pleistocene,  since  they  are  not  ex- 
pressed in  the  topography.  It  is  possible  that  some  of  the  larger  folds, 
such  as  the  anticlinal  of  the  Mormon  range,  originated  in  the  Pliocene. 
In  Utah,  Nevada,  and  the  Great  Plains  region  King  has  described  an 
important  broad  tilting  of  the  Pliocene  strata.'^ 

According  to  Mr  Diller,  the  Sierra  Nevada  experienced  at  the  close  of 
the  Pliocene  a  great  elevation,  accompanied  by  great  volcanic  activity .f 
This  was  followed  by  the  erosion  which  wrought  the  present  grand 
scenery  of  this  range. 

In  the  Colorado  plateau  the  Grand  canyon  began  to  be  cut,  in  conse- 
quence of  the  general  deformation.^ 

PLBISTOCBNB 

During  the  Pleistocene  period  local  deformation  has  been  compara- 
tively active.  Mr  Gilbert  has  described  and  admirably  discussed  the 
many  recent  fault-scarps  with  vertical  displacements  of  100  feet  and  less 
which  have  been  formed  since  the  lake  Bonneville  epoch.§  Farther 
west,  in  the  lake  Lahontan  basin.  Professor  Russell  has  discovered  similar 
recent  fault-scarps  of  about  the  same  magnitude.) |  In  Meadow  Valley 
canyon  the  present  writer  has  observed  post-Pliocene  flexures  and  faults, 
some  of  which  are  so  recent  as  to  be  directly  expressed  in  the  topography.lf 
In  the  Funeral  Range  region  the  folding,  which  became  active  during  the 
Tertiary,  continued  until  it  involved  the  probably  Pleistocene  basalts. 

Besides  absolute  folding  and  faulting,  there  has  been  much  warping, 
as  is  shown  in  the  region  north  of  lake  Mono,  where  the  sediments  of 
the  Pliocene  Shoshone  lake  have  probably  been  elevated  1,000  or  1,200 
feet  above  their  normal  height,  in  conjunction  with  Pleistocene  volcanic 
activity.  This  deformation  is  of  the  same  important  kind  as  that  which 
Mr  Gilbert  recognized  in  Utah,  where  the  Bonneville  shorelines  have  ex- 

*  Explorations  of  the  Fortieth  ParAllel,  vol.  i,  p.  757. 
t  Eighth  Ana.  Rept.  U.  S.  (ieol.  Survey,  part  i,  p.  432. 

1  C.  E.  Dutton  :  Second  Ann.  Rept.  U.  S.  Geo!.  Survey,  p.  120. 

2  Monograph  I,  U.  S.  Geol.  Survey,  pp.  340,  352,  35-1,  356,  361,  365,  367,  36«,  371,  372. 
I  Monograph  xi,  U.  S.  Geol.  Survey,  pp.  25,  27,  29,  274-283. 

I  See  figure  \\  plate  24. 
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perienced  a  difTereiitial  epeirogeiHC  movement,  measuring  as  much  as 
350  feet  vertically. 

On  the  hypothetical  old  fault- faces  on  the  western  side  of  the  Wasatch 
and  the  eastern  one  of  the  Sierra  Mr  King^  thought  to  have  found  evi- 
dence of  renewed  post-Pliocene  movements  of  1,000  and  2,000  feet  re- 
spectively. Mr  Diller  has  described  several  Pleistocene  &ult6  in  the 
Sierra  Nevada,  especially  along  the  eastern  front,  near  Honey  lake,  where 
the  vertical  displacement  was  about  3,000  feet.f 

In  1872  a  violent  earthquake  in  Owens  valley,  California,  signalized  a 
movement  which  resulted,  along  the  eastern  foot  of  the  Sierra,  in  fault- 
scarps  witii  a  maximum  height  of  20  feet.^ 

In  the  Colorado  plateau  are  a  number  of  heavy  north-and-south  fault£,§ 
whose  extreme  youth  is  shown  by  their  displacing  the  probably  Ple- 
istocene basalts  and  by  their  having  remained  unaltered  to  any  great 
extent  by  erosion. 

CONCLUSION 

While  uplift  and  subsidence,  involving  the  making  of  continents,  and 
possibly  of  mountain  ranges,  went  on  in  Paleozoic  times,  the  earliest 
post'Archean  mountain-making  folding  of  which  we  have  reliable  record 
occurred  in  the  Great  basin  at  the  close  of  the  Jurassic,  when  many  of 
the  Great  Basin  ranges  were  probably  formed,  contemporaneously  with 
the  Sierra  Nevada.  Subsequently,  mountain-making  movements  took 
place  in  at  least  part  of  the  Great  basin  at  the  close  of  the  Cretaceou8 
and  at  several  epochs  during  the  .Tertiary.  In  fact  we  may  believe  that 
folding  and  faulting  has  gone  on  steadily,  though  spasmodically,  from 
the  close  of  the  Mesozoic  until  the  present  day,  affecting  the  whole  of 
the  Great  basin  and  extending  from  its  borders  to  the  country  south  and 
east.  The  Colorado  plateau  has  been  influenced  most  by  the  most  re- 
cent  of  these  movements.  Major  Powell's  ||  diagrams  of  the  faults  in  this 
region  show  that  the  monoclinal  fold  is  typically  the  precursor  of  the 
fault,  as  is  so  frequently  the  case  elsewhere.  Since  the  fold  is  mani- 
festly due  to  compression,  the  fault  must  be  also.  This  is  in  opposition 
to  the  views  of  Professor  RusseU,1[  who  reasoned  that  a  highly  &ulted 
district,  such  as  he  conceived  the  Great  basin  to  be,  has  experienced  ex- 
tension and  not  compression. 

In  general  the  period  of  deformation  which  lasted  from  the  Mesozoic 

*  Explorations  of  the  Fortieth  Parallel,  vol.  i,  p.  758. 

t  Eighth  Ann.  Kept.  U.  S.  (reol.  Survey,  part  i,  pp.  429,  432 ;   Foarteenth  Ann.  Kept  U.  B.  Geot. 
Survey,  part  ii,  p.  432. 
|G.  K.  Gi!l>ert:  Monograph  i,  U.  S.  (teol.  Survey,  p.  361. 

{  C.  E.  Dutton  :  Second  Ann.  Rept.  U.  S.  Geol.  Survey,  p.  110;  also  Monograph  ii,  p.  117. 
I  Explorations  of  the  Colorado  Kiver,  Washington,  1876,  pp.  183,  184,  19U,  191,  etc. 
I  Fourth  Ann.  Rept.  U.  S.  Geol.  Survey,  p.  463. 
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to  the  present  has  been  oontemporaneous  with  volcanic  activity.  By 
far  the. most  energetic  vulcanism,  so  far  as  we  know,  occurred  in  the 
Tertiary,  beginning  probably  in  late  Cretaceous  or  early  Eocene  and 
extending  into  the  Pleistocene.  Vulcanism  and  deformation  were,  there- 
fore, allied  phenomena. 

Regord  of  pcnst-Mesozoio  Erosion  in  the  Great  Basin 

crbtacboua  erosion 

The  Great  Basin  region  was  probably  above  water  duMing  the  Creta- 
ceous, since  no  deposits  of  this  period  have  been  discovered.  There  must 
also  have  been  long  continued  and  deep  erosion,  which  is  evidenced  by 
the  great  quantity  of  sediments  derived  from  the  Nevada  land-mass  and 
accumulated  in  the  seas  of  Utah,  Arizona,  and  California.  During  this 
vast  period  the  Jurassic  folds  were  probably  dissected  so  that  mountaidb 
of  erosion  originated.  In  the  Grapevine  mountains^  we  find  evidence 
of  a  pre-Tertiary  rugged  range,  whose  rocks  were  very  little  folded.  The 
same  is  true  in  the  Mormon  range,  wHere  there  are  ancient  rhyolites 
and  tuffs  (Eocene?),  whose  beds  abut  laterally  against  Paleozoic  lime- 
stone having  the  same  attitude.  This  limestone  formed  horizontally 
stratified  cliffs,  against  which  the  lavas  and  associated  sediments  were 
laid  down,  and  both  series  have  been  involved  in  comparatively  recent 
folding.  The  conditions  demonstrated  by  these  occurrences  were  very 
likely  universal  over  the  Great  Basin  region,  so  that  there  were  developed 
numerous  ranges,  which  had  in  general  north-and-south  trends,  follow- 
ing the  lines  of  post-Jurassic  folding.  During  this  period  the  climate 
was  probably  comparatively  moist,  and  a  large  part  of  the  Great  basin  was 
probably  occupied  by  active  rivers,  which  deepened  them  rapidly.  Judg- 
ing from  the  present  height  of  the  old  core  of  the  Grapevine  mountains 
above  the  Tertiaries  at  their  base,  the  ranges  seem  to  have  been  far  more 
rugged  and  picturesque  and  the  valleys  far  deeper  and  narrower  than 
now. 

TBBTIAB7-PLBIST0CBNE  BROSION 

Climatic  control. — But  directly  at  the  close  of  the  Cretaceous  a  time  came 
when  erosion  was  not  sufficiently  rapid  to  overcome  crustal  deformation 
Thus  broad  basins  were  formed,  which  were  occupied  by  Eocene,  Mio- 
cene, Pliocene,  and  Pleistocene  lakes.f. 

•  See  p.  238. 

fSee  footnote,  p.  232. 

XXXVI^BULL.  GiOL.  See.  Am.,  Vol.  12,  1900 
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Was  it  unusual  rapidity  of  warping  or  abnormal  inactivity  of  erosion 
which  brought  about  the  reversal  of  their  ordinary  relation?  Other 
regions  with  more  legible  records  aid  in  deciding.  The  great  faults  of  the 
Colorado  plateau  seem  to  be  among  the  most  striking  examples  of  rapid 
recent  deformation.  Some  have  displaced. Pleistocene  volcanic  conet), 
and  their  courses  are  marked  at  the  surface  by  scarps  which  are  barely 
defaced  by  general  erosion,  yet  the  Colorado  river  and  its  tributaries 
cross  them  without  any  alteration  of  grade,  showing  that  downcutting 
has  easily  kept  ahead  of  differential  uplift.  No  lake  would  be  able  to 
accumulate  in  the  region  traversed  by  these  streams  unless  warping 
were  much  more  rapid  than  the  faulting  has  been. 

Viewing  examples  like  thi8,it  seems  improbable  that  the  broad  Tertiary 
lake  basins  under  consideration  could  have  long  remained  undrained 
had  there  been  even  moderately  abundant  precipitation.  Indeed,  part 
of  the  deposits  of  the  Upper  Eocene  lake  in  southeastern  California  are 
of  such  a  character  as  to  indicate  that  a  great  inland  sea  underwent  ex- 
tensive evaporation,  resulting  in  chemical  precipitation  from  its  waters. 
Therefore  the  general  period  of  aridity  had  already  begun  at  this  time. 

It  is  certain,  however,  that  there  were  important  fluctuations.  In  the 
same  upper  Eocene  lake  series  that  contain  borax,  gypsum,  and  calca- 
reous tufa  are  beds  with  coal,  fossil  leaves,  and  silicified  forests,  testify- 
ing to  moist  intervals  between  the  arid  epochs.  From  the  little  we  know 
of  the  Great  Basin  Miocene,  it  is  probable  that  the  same  alterations  of 
moist  and  dry  climate  took  place.  Most  of  the  Pliocene  must  have  been 
extremely  dry,  for  the  great  Shoshone  lake,  marking  a  period  of  increased 
precipitation,  a|)parently  did  not  originate  till  near  the  close  of  the  period, 
if  we  judge  from  its  fossils,  its  relation  to  Pleistocene  lakes,  and  the  com- 
parative freshness  of  its  topographic  work ;  and  among  these  ver}'  lake- 
beds  are  some  which  are  impregnated  with  alkaline  carbonates,  as  if  they 
had  been  deposited  in  saline  waters.*  Major  Dutton  f  considered  that  the 
Pliocene  in  the  Grand  Canyon  region  was  a  time  of  aridity. 

Within  the  Pleistocene  the  oscillations  of  climate  are  well  known. 

m 

King  found  in  the  deposits  of  lake  Lahontan  evidence  of  four  alternat- 
ing episodes  of  moisture  and  aridity,  beginning  with  a  moist  period  and 
ending  with  the  present  dry  one.  Subsequently  Professor  Russell  X  pre- 
fixed  to  this  series  the  dry  pre- Lahontan  episode,  making  five  alterna- 
tions. The  succession  is  the  same  as  that  discerned  by  Mr  Gilbert  §  in 
the  history  of  lake  Bonneville.  \ 

*King  :  EKplorations  of  the  Fortiotti  Parallol,  vol.  i,  p.  439. 
t  Second  Ann.  Kept.  U.  8.  <tooI.  Survey,  p.  12U. 
X  Monogriiph  xi,  V.  S.  Cieol.  Survey,  p.  201. 
I  Monograph  i,  U.  S.  Gcol.  Survey,  p.  316, 
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Evidence  of  climatic  variation  in  verv  recent  times  hjw  been  observed 
by  Mr  King  in  the  Sierra  Nevada  *  About  1860  an  increase  of  precip- 
itation began,  marked  by  forcing  of  the  timber  line  downward  by  en- 
croaching snow  and  by  a  rise  in  lake  Mono.  In  Great  Salt  lake  consid- 
erable historic  oscillation  has  been  chronicled.f 

General  leveling  tendency. — During  the  Tertiary,  as  a  whole,  materials 
washed  from  the  Great  Basin  ranges  largely  found  their  way  into  lakes 
or  dry  basins  of  the  same  region,  so  that  erosion  contributed  to  level  the 
rugged  topography  instead  of  further  diiferentiating  it.  The  repeated 
Tertiary  uplifts  and  foldings  antagonized  this  tendency,  sometimes  up- 
lifting portions  of  the  detrital  deposits  so  that  they  lay  on  the  flanks 
of  the  ranges;  but  with  little  or  no  drainage  to  exterior  regions  these 
movements  could  result  in  no  permanent  commensurate  effect  onthe 
topography.  During  all  the  disturbances  and  after  their  close  mate- 
rials were  steadily  stripped  off  from  the  ranges  and  deposited  in  the 
valleys. 

Active  erosion  in  moister  climatic  intervals, — Quite  as  important  as  defor- 
mation, as  an  offset  to  the  degrading  and  leveling  tendency,  has  been  the 
drainage  instituted  in  the  alternating  intervals  of  moister  climate.  That 
during  the  Eocene  there  were  periods  of  active  erosion  is  shown  by  the 
enormous  bulk  of  sediments  derived  from'  the  Central  Nevada  land-mass 
which  were  laid  down  near  the  Wasatch  and  in  southeastern 'California 
and  adjacent  Nevada.  The  same  conclusion  applies  in  a  less^  degree  to 
the  Miocene  and  in  a  still  less  degree  to  the  Pliocene  Shoshone  Ijake 
epoch. 

Erosion  in  drainage  basins  of  Pleistocene  lakes, — The  lakes  of  the  Pleisto- 
cene were  probably  of  less  extent  than  those  of  the  earlier  periods ;  they 
seem  to  have  formed  a  relatively  insignificant  quantity  of  deposits,  and 
so  their  feeding  streams  are  to  be  credited  with  correspondingly  little 
erosion.  Yet  Professor  Russell  measured  a  thickness  of  375  feet  of  lake 
I^hontan  sediments,  while  Mr  Gilbert  found  150  feet  of  Bonneville  beds. 
In  neither  case  was  the  bottom  of  the  section  reached,  and  the  total 
amount  is  probably  very  greatly  in  excess  of  these  figures.  Estimating 
on  the  basis  of  375  feet  as  the  average  thickness  of  sediment  in  each  lake, 
the  total  bulk  is  589  cubic  miles  for  lake  I^hontan  and  1,312  cubic  miles 
for  lake  Bonneville.  When  we  consider  the  relatively  small  drainage 
basins  of  the  lakes  {  and  remember  that  the  material,  which  is  rather 
uniformly  spread  out  on  deposition,  has  been  derived  chiefly  from  more 
restricted  areas  along  the  drainage  lines,  we  perceive  that  even  the  rela- 

*  Explorations  of  the  Fortieth  Pnrallel  Survey,  vol.  i,  p.  527. 
t  O.  K.  Gilbert :  Monograph  i,  U.  H.  (Jeol.  Survey,  p.  230,  etc. 
X  Monograph  xi,  IT.  S.  Oeol.  Survey,  map,  p.  3i). 
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tively  small  amount  of  erosion  indicated  was  capable  of  excavating  deep 
canyons  and  of  giving  new  relief  to  the  mountains. 

BROSIOy  OF  80UTBBA8TBRN  NEVADA  DRY  V ALLEYS 

Description  ofvaUeys. — The  Bonneville  and  Lahontan  Lake  basins  oc- 
cupied only  a  fraction  of  the  province  which  has  hitherto  been  called 
the  Great  basin.  But  the  limits  of  this  region  as  an  orographic  depres- 
sion of  necessarily  interior  drainage  will  have  to  be  considerably  con- 
stricted on  closer  study,  until  they  will  very  likely  include  little  more 
than  the  Bonneville  and  Lahontan  basins,  together  with  the  broad 
sunken  belt  lying  east  of  and  parallel  to  the  Sierra  Nevada  and  extend- 
ing from  the  Lahontan  basin  nearly  to  the  Mojave  desert.  A  lar^e  part 
of  southern  Nevada  has  well  defined  valleys  forming  a  part  of  the  Colo- 
rado River  system,  which  a  week  of  rain  would  supply  with  streams. 
Meadow  valley,  which  heads  near  the  Pio<She,  is  tributary  to  the  Virgin 
river,  an  affluent  of  the  Colorado.  For  the  greater  part  of  the  course  it 
is  a  magnificent  canyon,  cut  sharply  in  Tertiary  lavas  and  tuffs  to  a 
depth  which  in  places  reaches  2,000  feet.  Down  it  small  quantities  of 
spring  water  run,  partly  uuder,  partly  over,  the  gravels,  and  very  likely 
some  finds  its  way  to  the  Colorado.  The  canyon  is  continuous  farther 
north  with  a  typical  flat  desert  valley  called  Duck  valley,  which  extends 
beyond  the  39th  parallel.  On  the  south  Meadow  valley  is  confluent,  not 
far  from  its  end,  with  the  valley  of  Muddy  creek,  in  which  flow  waters 
derived  from  a  spring.  Above  the  source  of  the  spring  a  drainage  channel 
extends  northward  nearly  to  the  latitude  of  Eureka.  Along  this  a  little 
water  flows,  sometimes  above  and  sometimes  below  the  surface  gravels, 
as  in  Meadow  valley.  In  its  upper  portions  it  goes  by  th«  name  of  White 
river,  and  it  is  believed  by  the  inhabitants  that  the  White  River  water 
finds  its  way  to  the  Colorado. 

Farther  southwest  is  the  Las  Vegas  valley,  which  is  even  more  plainly 
tributary  to  the  Colorado  than  the  other  two.  although  it  carries  no  run- 
ning water.  It  is  transverse  to  the  strike  of  the  stratified  rocks,  and 
separates  the  Spring  mountain  and  Las  Vegas  ranges. 

Age  and  origin  ofvaUeya, — These  three  valleys,  with  their  branches, 
constitute  a  drainage  system  embracing  nearly  the  whole  of  southeastern 
Nevada.  That  they  are  valleys  of  erosion  is  almost  beyond  question. 
This  entails  as  a  corollary  the  former  presence  of  streams  capable  of 
carving  them,  and  from  this  corollary  the  existence  of  a  bygone  episode 
of  moister  climate  is  deduced. 

The  valleys  possess  three  relations  which  furnish  clues  to  their  age. 
The  first  is  their  membership  in  the  Colorado  River  drainage  system  ; 
the  second  is  their  relation  to  deposits  of  various  periods,  and  the  third 
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JB  their  relation  to  the  present  as  illustrated  by  the  freshness  of  the  river- 
cut  topography. 

According  to  Major  Diitton*  the  Colorado  drainage  sytem  was  in- 
augurated in  mucli  its  present  form  at  the  close  of  the  Eocene,  when  the 
lakes  of  that  period  were  drained.  During  the  Miocene  erosion  went  on 
rapidly,  so  that  the  streams  cut  down  through  Tertiary  and  Mesozoic 
strata  till  they  reached  the  Carboniferous.  At  a  period  conjecturally 
placed  at  the  beginning  of  the  Pliocene  the  plateau  region  was  uplifted 
and  an  arid  climate  succeeded  to  the  preceding  moister  one.  Many  of 
the  lateral  streams  dried  up,  and  the  cutting  of  the  outer  and  broader 
j^orge  of  the  Grand  canyon  began.  Soon  after  the  uplift  the  rivers 
reached  their  baselevel  and  occupied  tliemselves  in  widening  their  val- 
leys. This  epoch*  was  closed  by  a  new  upheaval;  assumed  to  have  been 
near  the  close  of  the  Pliocene.  Consequent  and  subsequent  was  the 
cutting  of  the  inuer  gorge  of  the  Grand  canyon.  During  this  process 
came  a  time  of  moister  climate,  intervening  between  the  two  arid 
periods  of  the  Pliocene  and  the  present.  This  Duttoq  believed  to  repre- 
sent the  Glacial  period.  During  this  relatively  short  epoch  new  ravines 
were  begun,  while  some  of  the  older  canyons  were  probably  deepened. 
Most  of  these  comparatively  recent  iViinor  gorges  are  now  dry  and  are 
being  rapidly  filled  with  alluvium.  "  The  recurrence  of  a  climate  suffi- 
ciently moist  to  sustain  a  vigorous  perennial  stream  would  probably 
sweep  out  all  this  unconsolidated  alluvium  and  return  the  valley  to  its 
former  condition  of  an  ordinary  canyon."  f 

The  features  of  the  dry  valleys  of  southeastern  Nevada  are  not  all 
equally  ancient.  Las  Vegas  valley  is  upward  of  10  miles  broad  in  its 
middle  portion.  It  is  cut  in  Paleozoic  limestones  and  is  floored  with 
thick  subaerial  wash,  which  doubtless  hides  Tertiary  beds.  Sierra  val- 
ley, through  which  White  river  runs,  and  Pahranagat  valley,  in  which 
lies  another  portion  of  the  drainage  channel  between  White  river  and 
Muddy  creek,  are  of  the  same  type  as  Las  Vegas  valley,  though  nar- 
rower. But  Meadow  canyon  is  cut  in  the  bottom  of  an  older  valley, 
which  is  like  that  just  mentioned,  and  it  has  exposed  the  Tertiaries 
which  are  hidden  in  the  others. 

Comparing  these  features  with  the  general  topographic  stages  adduced 
by  Major  Dutton,  we  find  that  the  older  wide  valleys  have  not  partici- 
pated in  the  active  erosion  which  produced  the  inner  gorge  of  the  Grand 
canyon,  but  judging  from  their  considerable  depth  and  from  their  being 
cut  in  Paleozoic  rocks  they  may  have  been  somewhat  eroded  during  the 
excavation  of  the  outer  gorge.    They  probably  originated  as  early  as  did 

♦  Monograph  ii,  U.  S.  Geol.  Survey,  p.  219  et  seq. 
fOp.  cit.,  p.  2i!0. 
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the  Colorado  Plateau  drainage  system.  The  Meadow  Valley  canyon, 
however,  is  of  the  same  type  and  age  as  the  inner  gorge,  and  in  that  it 
sliows  evidence  of  having  been  cut  during  a  short  and  relatively  recent 
humid  period,  succeeded  by  the  [)resent  period  of  aridity,  it  belongs  to 
the  class  of  gorges  which  Major  Dutton  believed  to  have  been  formed 
during  that  Pleistocene  moist  epoch  which  he  correlated  with  the  Glacial 
period. 

Considering  the  relation  of  the  dry  southeastern  Nevada  valleys  to  the 
associated  deposits,  we  note  that  Meadow  Valley  canyon  cuts  nearly 
horizontal  lake  sediments,  which,  on  account  of  their  relation  to  the  gen- 
eral crustal  deformation,  have  been  provisionally  classed  as  very  late 
Pliocene.  It  also  cuts  a  series  of  volcanics,  the  youngest  of  which  is 
believed,  from  a  comparative  study  of  Great  Basin  vulcanism,*  to  be 
very  late  Pliocene  or  very  early  Pleistocene.  When  the  canyon  was 
nearly  completed  scant  basalts  and  rhyolites  were  poured  out,  which, 
by  the  above  method,  are  classed  as  Pleistocene.  But  the  late  Plio- 
cene sediments  and  lavas  were  deposited  in  the  bottom  of  the  older 
valleys. 

Considering  the  relation  of  the  canyon  to  the  present  time,  as  illus- 
trated by  the  freshness  of  the  topography,  we  observe  that  the  gorge  is 
not  encumbered  with  Pleistocene  alluvium  like  that  which  has  accumu- 
lated in  the  wider  valleys.  Where  the  canyon  widens  to  a  basin  near 
Panaca,  the  terraces  suggest  a  lake  which  was  drained  by  the  down- 
cutting.  These  features  point  to  a  comparatively  recent  portion  of  the 
Pleistocene  as  the  epoch  of  canyon  erosion. 

The  assembled  deductions  from  these  three  relations  lead  to  the  con- 
clusion that  Meadow  Valley  canyon  originated  in  an  intermediate  epoch 
of  the  Pleistocene,  which  was  a  period  of  humidity  as  compared  with 
the  preceding  and  succeeding  ones.  The  wider  detritus-floored  valleys 
tributary  to  the  Colomdo  experienced  no  erosion  during  the  greater  part 
of  the  Pleistocene,  but  were,  perhaps,  deepened  and  widened  during  the 
earlier  Pliocene.  Their  origin  as  erosion  features  probably  dates  back 
as  far  as  the  Eocene. 

We  may  test  these  conclusions  by  comparison  with  related  phenomena 
in  other  parts  of  the  Great  basin.  The  ancient  lakes,  Tiahontau  and 
Bonneville,  originated  in  a  moist  interval  of  the  Pleistocene,  preceded 
and  succeeded  by  arid  epochs.  This  interval  was  believed  by  Gilbert, 
Russell,  and  others  to  have  been  contemporaneous  with  the  Glacial 
period.  During  their  existence  limited  quantities  of  basalt  were  ex- 
truded.   The  topographic  records  left  by  these  water  bodies  are  oora- 

*  J.  E.  Spiirr :  Journnl  of  Geology,  vol  viii,  no.  7,  pp.  630,  G37,  G42. 
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paratively  fresh.    The  closeness  of  the  comparison  indicates  that  Meadow 
Valley  canyon  was  cut  during  the  Bonneville  and  Lahontan  epoch. 

In  an  unpublished  study  the  writer  has  concluded  that  the  Pliocene 
lake  Shoshone  came  to  an  end  in  the  late  Pliocene  or  early  Pleistocene 
through  the  destruction  of  its  basin  by  the  relative  depression  of  soutli- 
em  Nevada  and  California.  He  suggested  that  this  southerly  tilting 
was  the  same  as  that  which  produced  the  acceleration  of  the  Colorado 
and  the  consequent  beginning  of  the  inner  gorge  of  the  Grand  canyon 
described  by  Major  Button  as  occurring  at  the  close  of  tha  Pliocene. 
In  western  Nevada  the  disappearance  of  the  Shoshone  depression  was 
closely  followed  by  the  formation  of  the  smaller  basin  in  which,  after  a 
period  of  dryness,  lake  Lahontan  formed. 

NET  RESULT  OF.LBVBLINO  AND  DIFFERENTIATION  TENDENCIES 

But  in  spite  of  the  attempts  instituted  during  the  intervals  of  moister 
climate  the  net  result  of  thia  contending  processes  has  been  to  fill  the 
valleys  at  nearly  the  same  pace  as  the  lowering  of  the  mountains.  Ma- 
terials removed  by  erosion  go  at  once  toward  smoothing  out  topographic 
irr^ularities.  The  process  is  the  reverse  of  that  by  which  the  moun- 
tains were  originally  differentiated,  and  if  it  continues  at  the  rate  it  has 
maintained  since  late  Tertiary  it  will  end  by  reducing  the  region  to  a 
gi^eat  waste  without  mountains  or  valleys  and  covered  by  drifting  sands. 

As  yet,  however,  the  work  is  only  half  finished.  The  crests  of  half- 
buried  mountains  stand  out  from  intervening  stretches  of  desert  plain 
which  occupy  the  position  of  the  old  valleys. 

Thus  the  general  topography,  although  striking,  does  not  indicate  ex- 
traordinary structure,  but  only  exceptional  conditions  of  erosion  and 
deposition.  Suppose  the  Appalachians,  which  likewise  consist  of  parallel 
ridges  eroded  along  lines  of  folding,  should  become  arid,  so  that  the  rivera    i 
were  unable  to  remove  the  detritus  and  the  valleys  become  choked.   • 
There  would  develop  in  course  of  time  exactly  what  exists  in  the  Basin   " 
region,  hamely,  a  nearly  level  desert,  containing  a  series  of  parallel, 
synclinal,  and  anticlinal  ranges. 

ARIDITY  AS  A  PROMOTER  OF  STEEP  SLOPES 

The  desert  ranges  generally  terminate  in  the  plains  with  a  fairly  mod- 
erate slope.  Steep  slopes  or  scarps  are  rather  the  exception,  and  when 
present  they  are  not  more  abrupt  than  in  the  Rocky  mountains  or  in  the 
Alaskan  ranges,  though  by  rising  from  level  deserts  they  often  acquire  a 
borrowed  emphasis.  Such  scarps  have  been  assumed  to  be  directly  due 
to  faulting.    It  has  been  and  will  be  repeatedly  shown  in  this  essay  that 
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many,  of  the  most  pronounced  scarps  are  along  no  fault  line,  while  many 
heavy  faults  have  absolutely  no  direct  effect  on  the  topography.  The 
theory  appears,  then,  in  general  untenable.  Indeed,  the  writer  holds  that 
in  the  erosion  of  rocks  of  unequal  resistance  scarps  are  natural  and  in 
many  cases  inevitable.  Where  not  only  the  rocks  but  the  distribution 
of  eroding  agents  is  unequal  the  inequality  of  the  resultant  topography 
is  still  greater.  Thus  in  arid  regions,  where  the  general  erosion  is  slight, 
whatever  temporary  or  permanent  lakes  and  streams  exist  undercut  the 
bases  of  the  otherwise  comparatively  stable  mountains.  Major  Powell^ 
speaks  of  the  cliffs  of  the  Colorado  plateau  as  being  "  carried  back  for 
great  ^distances  by  undermining,  which  is  a  process  carried  on  only  in 
an  arid  region."  In  the  Great  basin,  mountain  springs  of  comparatively 
insignificant  volume  have  succeeded,  by  virtue  of  their  monopoly  of  ero- 
sion, in  eroding  deep  canyons  with  perpendicular  walls,  while  the  adja- 
cent channels  of  occasional  drainage  are  shallow  valleys.  In  past  times, 
especially  during  the  Pliocene,  great  lakes  have  fretted  the  bases  of  the 
numerous  mountain  ranges  which  rose  above  their  waters,  so  that  the 
continual  tendency  has  been  to  cut  them  back. 

Relative  Ascendency  of  Ekosion  and  Deformation 

The  greater  portion  of  the  Basin  ranges  already  described  have  been 
found  independently  in  each  case  to  be  ranges  of  erosion.  Deformation 
seems  to  have  been  slower  than  erosion,  so  that  in  the  long  run  it  has  gen- 
erally been  outstripped.  Yet  it  has  often  been  more  spasmodic,  so  that 
for  limited  periods  it  has  held  its  own.  Thus  there  are  folds  and  faults 
which  are  directly  expressed  in  the  topography.  These,  however,  are 
exceptional,  as  they  are  in  most  provinces,  and  excite  special  attention. 
One  may  find  similar  phenomena  in  other  mountain  regions,  such  as 
the  Rockies. 

Relative  Ascendency  of  Folding  and  Euosion 
the  synclinal  ridge  of  erosion 

The  most  common  mountains  are  those  which  possess  synclinal  ridges ; 
in  these  erosion  has  overbalanced  deformation  by  folding  (see  plate  24, 
figure  5,  and  plate  25,  figures  1  and  2). 

THE  ANTICLINAL  RIDQE  OF  EROSION 

The  next  commonest  class  comprises  anticlinal  ridges  which  offer  evi- 

> 

*  Explorations  of  the  ('olorudo  Kiver,  pp.  G9-72. 

Soe  alsoC.  E.  Dutton  :  Monograph  ii,  U.  S.  Geol.  Survey,  pp.  222,  227. 
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dence  of  having  been  determined  by  long  continued  erosion.  The 
evidence  may  consist  in  close  association  with  synclinal  ridges  of  the 
same  age  or  by  the  presence  within  the  anticlinal  ridges  themselves  of 
faults  whose  surface  displacement  has  been  effaced  by  erosion.  The 
cores  of  the  anticlines  are  generally  of  more  resistant  rock  than  the  other 
strata,  and  have  therefore  persisted  as  ridges  (see  plate  24,  figure  6). 

THE  MONOCLINAL  RIDGE  OP  EROSION 

Monoclinal  ridges  are  usually  minor  and  non-persistent  features.  They 
generally  occupy  a  single  limb  of  a  fold.  When  a  deep  valley  has  been 
eroded  along  the  axis  of  an  anticlinal  mountain  and,  together  with  the 
valleys  on  either  side  of  the  main  range,  has  been  partially  filled  with 
wash,  it  will  then  be  transformed  into  a  strip  of  desert  dividing  two  mono- 
clinal ridges,  facing  in  opposite  directions.  Each  limb  of  such- a  fold 
may  be  made  up  of  thick  strata,  which  erosion,  working  most  power- 
fully along  softer  beds,  may  carve  into  a  series  of  monoclinal  ridges,  all 
facing  the  same  direction  (see  plate  24,  figure  5). 

THE  ANTICLINAL  RIDQE  OF  DEFORMATION 

A  fourth  and  unusual  class  comprises  anticlinal  mountains  without 
cores  of  relatively  greater  resistance.  These  ranges  generally  consist 
partly  or  wholly  of  upturned  Tertiary  rocks ;  therefore  their  upheaval 
must  have  been  comparatively  recent.  In  some  cases  movement  has 
probably  continued  into  the  Pleistocene.  Such  mountains  seem  to  be 
the  result  of  folding  so  rapid  that  erosion  has  been  left  behind.  The 
aridity  of  the  region  has,  of  course,  been  favorable  to  this  result  (see 
plate  24,  figure  4,  and  plate  25,  figure  4). 

Relative  Ascendency  of  Faulting  and  Erosion 
principal  ascertained  fa  ults  op  great  basin 

The  faults  in  the  Great  basin  belong  to  general  systems.  The  two 
chief  sets  run  north-and-south  and  east-and-west,  while  important  sets 
are  oblique,  one  trending  northeast  and  another  northwest.  Following, 
on  page  258,  is  a  rough  table  showing  localities  of  actually  ascertained 
heavy  faults. 

The  east-west  faults  seem  as  numerous  as  the  north-south  ones  and 
their  displacements  equally  great. 

The  fault  systems  are  intimately  related  to  corresponding  systems  of 
folds.  Throughout  most  of  Nevada  the  axes  of  folds  trend  north  and 
south,  but  there  has  been  much  minor  compression  along  east-west  lines, 

XXXVII-BvLL.  Okol.  Soo.  Am.,  Vol.  12,  1900 
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and  in  the  southern  part  of  the  state  these  are  locally  dominant.  Parallel 
with  the  Sierra  is  a  belt  of  northeast  striking  major  folds,  and  this  is 
succeeded  farther  east  by  a  zone  of  northeast  axes,  the  two  coming  to-. 
gether  in  extreme  southern  Nevada  (see  plate  22).  These  fold  and  fault 
systems  are  probably  to  be  interpreted  as  manifestations  of  a  general 
long  continued  compression  rather  than  of  different  forces  acting  sepa-  * 
rately  and  consecutively. 


Norifi'Bouth 

Humboldt  rango. 

PiAon  range. 

West  Humboldt  range. 

Schell  Crook  and  High- 
land ranges. 

White  Pine  mining  dis- 
trict. 


Table  of  Localities  of  Observed  heavy  Faults 

Oblique 


Northeast-Southwest. 


Pinon  range. 


'  Pancake  range. 
Hot  Creek  range. 

Virgin  range. 
Hyko  range. 
Pahranagat  range. 
Timpabute  range. 


Northwest-southeasL 


Easl'ivest 


Humboldt  range. 


West  Humboldt  range. 


Schell  Creek  and  High- 
land ranges. 


White  Pine  mining  dis-   White  Pine  mining  dis- 
trict, trict. 


Eureka  mining  district. 


Snake  range. 


Grapevine  range. 


Grapevine  range. 


Quinn  Canyon  range. 

Hot  Creek  range. 
Toyabe  range. 
Snake  range. 
Hyko  range. 
Pahranagat  range. 
Timpabute  range. 

Havallah  range. 
Meadow  Valley  range. 


QBNERAL  RELATIONS  OF  FAULTS  TO  TOPOGRAPHY 

Where  a  fault  or  fold  has  deformed  the  surface,  producing  a  scarp,  an 
anticlinal  ridge,  or  synclinal  valley,  the  topographic  form  may  be  spoken 
of  as  direfiUy  due  to  deformation;  but  where  a  feature  of  relief  has  been 
carved  out  by  atmospheric  agencies  (whatever  may  have  been  the  gov- 
erning influence  of  structure  in  determining  lines  of  easiest  erosion)  it 
may  be  considered  directly  dtie  to  erosion. 

Following  are  definitions  of  terms  relative  to  the  influence  of  faults 
on  topography : 

1.  Where  a  fault  luis  displaced  the  surface  and  the  break  remains  un- 
defaced  or  only  slightly  obscured  we  may  call  the  resulting  cliff  a  simple 
fault-scarp. 
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2.  Where  erosion  has  acted  unequally  along  a  fault  on  account  of  the   ^^^  z^' 
difference  as  to  hardness  hetween  two  rocks  forced  into  juxtaposition  or 
between  a  crushed  zone  and  an  intact  one  the  resultant  cliff  may  be 
termed  an  erosion  fault-scarp. 

In  the  simple  fault-scarp  the  cliff  is  always  on  the  upthrown  side  of  the    , 
fault.    In  the  erosion  fault-scarp  it  may  be  on  the  upthrown  or  down-      ^l  ' 
thrown  side,  according  to  local  conditions.    In  the  former  case  it  may 
be  called  a  normal  erosion  fault-scarp  ;  in  the  latter,  a  reversed  erosion 
fault-scarp.    It  is  generally  difficult,  without  collateral  evidence,  to  dis-  /^ 
tinguish  a  simple  fault  scarp  from  a  normal  erosion  fault  scarp. 

Since  faults  are  closely  related  to  folds  as  deformation  features,  their  / 

stages  of  relative  ascendency  over  erosion  are  also  analogous.  The  sim- 
ple fault-scarp  is  analogous  to  the  anticlinal  ridge  of  deformation,  the 
normal  erosion  fault-scarp  to  the  anticlinal  ridge  of  erosion,  and  the  re- 
versed erosion  fault-scarp  to  the  synclinal  ridge  of  erosion. 

Where  the  solid  rock  on  both  sides  of  a  fault  is  equally  resistant,  but 
there  is  a  zone  of  crushing,  erosion  produces  a  gully  ;  where  the  move- 
ment has  not  materially  weakened  the  rock  the  fault  may  have  no  effect 
whatever  on  the  topography. 

The  accompanying  sections  of  actual  faults  (see  plate  23  and  ))late  24, 
figures  1, 2,  and  3)  illustrate  their  various  relations  to  topography.  They 
have  been  purposely  taken  from  the  Great  basin,  and,  so  far  as  possible, 
from  other  observers  than  the  writer. 

RELATION  OF  FAULTS  TO  GREAT  BASIN  TOPOGRAPHY 

There  is  a  general  impression  that  the  Great  Basin  mountain  scarps 
are  topographic  features  peculiar  to  the  region.  Judging  from  his  own 
observations  the  writer  believes  this  erroneous.  These  ranges  have 
about  the  same  amount  of  steep  or  perpendicular  faces  as  other  moun- 
tains—not  so  large  acT  some  and  greater  than  others.  Their  most  typ- 
ical form  of  front  has  indeed  a  fairly  moderate  slope  (see  plate  21.) 

Nevertheless  there  are  frequent  bolder  faces  or  scarps  which  might  be 
assumed  to  be  due  to  faulting.  Studying  the  field  without  prejudice, 
the  writer  could  not  long  entertain  this  general  idea  of  their  origin,  since 
he  found  no  evidence  positively  corroborating  it  and  much  against  it. 
The  points  of  unfavorable  evidence  are  briefly  as  follows : 

(1)  The  faults  actually  observed  in  this  region  are  comparatively 
few.  Actually  ascertained  heavy  faults  along  the  main  fronts  of  ranges 
are  exceedingly  rare. 

(2)  The  transverse  faults  which  run  across  the  general  trend  of  the 
Basin  ranges  are,  so  far  as  observed,  equally  or  more  numerous  than  the 
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north-south  ones,  and  they  display  more  openly  their  relations.  In 
general  they  either  have  no  effect  on  the  topography  or  have  induced 
the  formation  of  gulches.  Occasionally  they  are  accompanied  by  cliffs, 
which  are  usually  of  trifling  height  as  compared  with  the  displacements. 
These  can  often  be  proved  to  be  erosion  fault-scarps,  not  unfrequently 
reversed.  Finally  there  are  rare  faults,  generally  of  relatively  small  dis- 
"<5i.  placement,  which  have  a  direct  effect  on  the  topography  and  have  pro- 
duced simple  fault-scarps. 

History  of  the  Dkvelopment  of  the  Fault  Theory  as  Applied  t(» 

THE  Basin  Ranges^ 

In  the  Colorado  plateau  there  is  a  series  of  north-and-south  displace- 
ments which  have  produced  simple  fault-scarps.  The  coincidence  of 
the  direction  of  these  scarps  with  the  trend  of  the  ranges  of  the  Basin 
r^ion,  which  adjoins  the  plateau  on  the  west  and  northwest,  suggests 
to  the  observer  acquainted  with  the  plateau  that  the  ranges  are  the 
result  of  more  powerful  faulting.  Thus  Mr  G.  K.  Gilbert  in  1873,  after 
reconnaissance  in  the  Basin  region,  concluded  that  the  Basin  ranges 
probably  owed  their  definition  and  relief  to  faulting.  He  classified  the 
sections  accumulated  by  the  geologists  of  the  Wheeler  survey  as  fol- 
lows :  t 

1.  '*  Faulted  monoclinals  occur  in  which  the  strata  on  one  side  of  the  fault  have 
been  lifted,  while  those  on  the  opposite  side  either  do  not  appear  {a)  or  (lees  fre- 
quently) have  been  elevated  a  less  amount  (6;.  Two-thirds  of  the  mountain 
ridges  can  be  referred  to  this  class." 

2.  *'  Other  ridges  are  uplifts  limited  by  pamllel  faults  (e),  and  to  these  may  be 
assigned  a  few  instances  of  isolated  synclinals  {d),  occurring  under  circumstAnces 
that  preclude  the  idea  that  they  are  remnants  omitted  by  denudation." 

3.  *'  True  anticlinals  (e)  are  very  rare,  except  as  local,  subsidiary  features,  bat 
many  ranges  are  built  of  faulted  and  dislocated  rock-znasses  (/)  with  an  imperfect 
anticlinal  arrangement." 

**  Not  only  is  it  impossible  to  formulate  these  features  by  the  aid  of  any  hypo- 
thetical deimdation  in  such  a  system  of  undulations  and  foldings  as  the  Messrs 
Rogers  have  so  thoroughly  demonstrated  in  Pennsylvania  and  Virginia,  but  the 
structure  of  the  western  Cordillera  system  stands  in  strong  contrast  to  that  of  the 
Appalachians.  In  the  latter  corrugation  has  been  produced  commonly  by  folding, 
exceptionally  by  faulting;  in  the  former  commonly  by  fiEiulting,  exoeptionally  by 
flexure.  In  the  latter  few  eruptive  rocks  occur ;  in  the  former  volcanic  phenomena 
abound,  and  are  intimately  associated  with  ridges  of  upheaval.  The  regular  alter- 
nations of  curved  anticlinals  and  synclinals  of  the  Appalachians  demand  the  ae- 


*This  outline  htut  purposely  been  made  compact,  with  minor  features  omitted, 
t  Progress  Rept.  (Jeog.  and  (Jeol.  Survey  Wo.st  of  the  Hundredth  Meridian,  1872,  published  in 
1874,  p.  5D 
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mmption  of  grent  horizontal  diminution  of  the  space  covered  by  the  disturbed 
strata,  and  suggest  lateral  pressure  as  the  immediate  force  concerned,  while  in  the 
Cordilleras  the  displacement  of  comparatively  rigid  bodies  of  strata  by  vertical  or 
nearly  vertical  faults  involves  little  horizontal  diminution  and  suggests  the  appli- 
cation of  vertical  pressure  from  below." 

The  earlier  and  more  prolonged  work  of  the  geologists  of  the  Fortieth 
Parallel  survey  had  led  them  to  conclusions  different  from  Mr  Gilbert's. 
Mr  Clarence  King,  writing  in  1870,*  said  : 

**  Thtfse  low  mountain  chains  which  lie  traced  across  the  desert  with  a  north- 
and-south  trend  are  ordinarily  the  tops  of  folds  whose  deep  synclinal  valleys  are 
filled  with  Tertiary  and  Quaternary  detritus." 

Major  J.  W.  Powell,  in  1876,  accepted,  with  some  reservation,  the 
previously  cited  conclusions  of  Mr  Gilbert.  He  described  the  struc- 
tural characteristics  of  the  Basin  ranges  as  follows :  f 

*^  The  Basin  province  is  characterized  by  north -and -south  ranges  that  are  mono- 
clinal  ridges  of  upheaval,  and  these  monoclinal  ridges  are  separated  by  stretches 
of  snbaerial  gravels  that  mask  the  structure  of  the  areas  of  subsidence ;  but  while 
this  is  the  prevailing  structure  other  types  are  found.*' 

The  general  acceptance  of  the  fault  theory  appears  to  have  influenced 
Afr  King's  earlier  conclusions,  for  in  later  writings,  while  maintaining 
his  earlier  statement  that  the  Basin  ranges  are  a  series  of  folds,  he  granted 
the  existence  of  abundant  vertical  faults  and  admitted  the  resultant  dis- 
location into  blocks,  as  claimed  by  Gilbert  and  Powell.  He  wrote,  in 
1878,  as  follows :  J 

''The  frequency  of  these  monoclinal  blocks  gives  abundant  warrant  for  the  as- 
sertions of  Powell  and  Gilbert  that  the  region  is  one  prominently  characterized  by 
vertical  action ;  yet  when  we  come  to  examine  with  greater  detail  the  stracture 
of  the  individual  mountain  ranges,  it  is  seen  that  this  vertical  dislocation  took 
place  alter  the  whole  area  was  compressed  into  a  great  region  of  anticlinals  with 
intermediate  synclinals.  In  other  words,  it  was  a  region  of  enormous  and  com- 
plicated folds,  riven  in  later  time  by  a  vast  series  of  vertical  displacements,  which 
have  partly  cleft  the  anticlinals  down  through  their  geological  axes  and  partly  cut 
the  old  folds  diagonally  or  perpendicularly  to  their  axes." 

He  concluded  thus :  § 

**  The  geological  province  of  the  Great  basin,  therefore,  is  one  which  has  suffered 
two  different  types  of  dynamic  action :  one,  in  which  the  chief  factor  evidently  was 
tangential  compression,  which  resulted  in  contraction  and  plication,  presumably 

*  Geological  Explorations  of  the  Fortieth  Parallel,  vol  Jf  1870.  p.  451. 
t(Teology  of  the  Eastern  Portion  of  the  Uintah  Mountains,  p.  29. 
X  Explorations  of  the  Fortieth  Parallel,  toI.  i,  p.  735. 
2  Loc.  clt,  p.  744. 
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in  post-JiiraRsic  time;  the  other,  of  striotly  vertical  action,  preflumably  within  the 
Tertiary,  in  which  there  are  few  c^vidences  or  traces  of  tangential  ooinpresflion." 

Major  Dutton,  in  1880,*  followed,  closely  the  compromise  views  of 
King.  He  discussed  the  folding  in  the  Great  Basin  ranges  of  Utah  as 
follows : 

'*  These  flexures  are  not,  so  fiir  as  can  he  discerned,  associated  witn  the  baikling 
of  the  existing  mountains  in  such  a  manner  as  to  justify  the  inference  that  the 
fj^xing  and  the  rearing  of  the  ranges  are  correlatively  associated.  On  the  contrary, 
the  flexures  are  in  the  main  older  than  the  mountains,  and  the  mountains  were 
blocked  out  by  faults  from  a  platform  which  had  been  plicated  long  l)efore,  and 
aft«r  the  inequalities  due  to  such  pre-existing  flexures  had  been  nearly  obliterated 
by  erosion.  It  may  well  be  that  this  anterior  cnrvation  of  the  strata  has  been 
augmented  and  complicated  by  the  later  orographic  movements.  But  it  is  not 
impossible  to  disentangle  the  distortions  which  antedate  the  uplifting  from  the 
bending  and  warping  of  the  strata  which  accompanied  it,  and  it  is  only  the  latter 
that  we  can  properly  associate  and  correlate  with  the  structures  of  the  present 
ranges.  These  present  no  analogy  to  what  is  usually  understood  by  plication. 
The  amount  of  bending  caused  by  the  uplifting  of  the  ranges  is  just  enough  to 
give  the  range  its  general  profile  and  seldom  anything  more." 

It  will  be  seen  that  Button's  views  favored  more  strongly  the  fault 
hypothesis  than  did  King's.  King  believed  that  plication  had  been  an 
important  factor  in  creating  the  ranges,  while  Dutton  supposed  that  the 
surface  effects  of  folding  were  obliterated  by  erosion,  which  reduced  the 
country  to  a  comparatively  level  platform.  Subsequently  this  plicated 
platform  was.  broken  by  powerful  faults,  like  those  of  the  Colorado 
plateau,  into  a  number  of  blocks,  which  were  uplifted  and  tilted  so  as  to 
form  ranges.  These  ranges,  according  to  this  idea,  are  actually  raono- 
clinal  blocks  in  origin,  although  not  necessarily  or  even  generally  so  in 
structure. 

The  explanations  of  Dutton  were  adopted  almost  exactly  by  Professor 
I.  C.  Russell.    In  1884  he  wrote  as  follows :  f 

"  The  whole  of  the  Great  basin  thus  for  explored  is  remarkable  for  the  persistency 
of  a  single  type  of  mountain  structure.  This  is  the  simplest  of  orographic  form?, 
and  has  been  already  mentioned  as  a  tilted  block,  bounde<l  by  faults.  The  whole 
immense  region  lying  between  the  Sierra  Nevada  and  Rocky  Mountain  systems 
has  been  broken  by  a  multitude  of  fractures,  having  an  approximately  north-and- 
south  trend  that  divides  the  region  into  long,  narrow  orographic  blocks.  These 
have  been  tilted  so  as  to  form  small  but  extremely  rugged  mountain  ranges,  often 
from  50  to  100  miles  in  length,  with  a  width  of  but  a  few  miles.  This  region  may 
be  classed  as  a  *  zone  of  diverse  displacement '  of  vast  dimensions.^    If  we  draw 

♦  rtooloKy  of  tho  High  Plateaua  of  Utah :  U.  S.  GeoR.  and  Geol.  Surveys  of  the  Rocky  MonnUin 
Regiou,  p.  47. 
t  Fourth  Ann.  Rept.  U.  S.  Geol.  Survey,  p.  443. 
X  For  types  of  dii) placements  consult  "OeoloRy  of  the  Uintah  Mountains/*  Powell,  pp.  16, 17. 
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across  the  map  of  the  Great  basin  an  east-and-west  line  touching  the  soutliern  end 
of  Great  Salt  lake,  it  will  intersect  not  less  than  twenty  lines  of  profound  displace- 
ment. Farther  south,  in  the  latitude  of  Sevier  lake,  the  number  of  orographic 
blocks  into  which  the  country  has  been  broken  is  even  greater. 

"As  already  stated,  that  part  of  the  Great  basin  lying  north  of  the  Nevada-Oregon 
boundary  has  the  same  pronounced  orographic  structure  as  the  main  area  of  in- 
terior drainage.  In  considering  the  physical  history  of  the  Great  basin  as  a  whole, 
however,  we  find  over  a  wide  area  two  distinct  types  of  structure  belonging  to 
widely  separated  periods  and  due  to  forces  acting  in  different  directions.  During 
tlie  first  period  the  rocks  were  plicated  and  crumpled  into  anticlinal  and  synclinai 
folds,  and  at  the  time  of  the  second  disturbance  the  present  topography,  due  to 
orographic  displacement,  was  initiated.  These  two  periods  of  orographic  move- 
ment were  recognized  by  Mr  King,  who  speaks  of  the  Great  basin  as  a  '  region  of 
enormous  and  complicated  folds,  riven  in  later  times  by  a  vast  series  of  vertical 
displacements.'  * 

"  These  two  types  of  structure  are  apparent  at  many  localities  throughout  the 
central  portion  of  the  region  of  interior  drainage,  but  immediately  north  of  the 
Nevada-Oregon  boundary,  where  the  rocks  are  almost* entirely  volcanic,  we  find 
only  such  disturbances  as  are  due  to  faulting.  The  age  of  the  volcanic  beds  in  the 
northern  extremity  of  the  Great  basin  would,  therefore,  seem  to  be  intermediate 
between  the  two  periods  of  disturbance." 

In  subsequent  papers  Mr  Russell  reiterated  these  conclusions.  In 
1886  Mr  J.  S.  Diller  extended  the  application  of  the  fault  hypothesis  to 
the  Sierra  Nevada.    He  remarks :  t 

''Structurally  the  Sierra  is  like  the  Great  Basin  range,  differing  chiefly  in  the 
magnitude  and  in  the  present  elevation  of  the  blocks.  Like  the  orographic  blocks 
of  the  Great  Basin  area,  they  are  composed  of  plicated  strata,  the  folding  of 
which,  as  has  been  pointed  out  by  a  number  of  observers,  took  place  long  before 
the  faulting  that  gave  birth  to  the  peculiar  features  of  the  ranges.  It  is  important 
to  remember  the  fact  that  at  the  tune  the  strata  of  which  the  Sierra  Nevada  range 
is  composed  were  folded— i.  «.,  about  the  limits  between  the  Jurassic  and  Creta- 
ceouB  periods — the  Sierra  Nevada  range  was  not  differentiated  from  the  continental 
mass  of  the  Great  Basin  region,  and  it  was  not  until  a  very  much  later  period  that 
this  separation  occurred.'' 

In  a  paper  published  the  succeeding  year  he  wrote  as  follows :  J 

"  The  plication  of  the  strata  in  the  Sierra  Nevada  range  took  place,  at  least  in 
great  part,  about  the  close  of  the  Jurassic  or  beginning  of  the  Cretaceous  period, 
but  the  faulting  which  really  gave  birth  to  the  Sierra  as  a  separate  and  distinct 
range  by  differentiating  it  from  the  great  platform  stret(;hing  eastward  into  the 
Great  Basin  region  did  not  take  place  until  toward  the  close  of  the  Tertiary  or 
the  l^eginning  of  the  Quaternary. 

^'Although  the  faulting  may  have  commenced  earlier,  the  greater  portion  of  the 

♦  U.  8.  Geological  Explorations  of  tho  Fortieth  Parallel,  vol.  i,  p.  735. 
t  Bull.  U.  S.  Geol.  Survey,  no.  3:3,  p.  15. 
X  Bull.  Phil.  Soc.  Wash.,  1887,  vol.  ix,  p.  4. 
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displacement  has  taken  place  since  the  beginning  of  the  threat  volcanic  outbureU 
in  the  vicinity  of  Lassens  peak.  If  we  may  accept  numerous  small  earthquake 
shocks  as  evidence,  the  fonlting  still  continues." 

Besides  the  writers  above  mentioned,  the  theory  of  the  direct  origin 
of  the  Great  Basin  ranges  by  faulting  has  been  accepted  and  elaborated 
by  Professor  Le  Conte  and  others. 

In  opposition  to  this  general  acceptation  Professor  James  D.  Dana 
examined  the  question  and  found  the  data  insufficient  for  the  proof  of 
the  fault  hypothesis.    He  wrote  in  1895  as  follows :  * 

'*  Gilbert,  in  view  of  the  great  displacements  by  nearly  vertical  and  lankly 
downthrow  faults,  designated  the  system  of  mountain-forming  movements  the 
'  Great  Basin  sjrstem.'  He  shows  that  the  displacements  are  along  the  old  fault 
planes  and  also  along  new  planes  of  fracture  made  in  the  course  of  the  Tertiary 
era  and  later. 

"  Great  displacements  along  old  and  new  fault  planes  have  been  shown  to  have 
taken  place  also  in  the  high  plateaus  of  Utah  and  in  the  Uintah  mountains,  others 
in  the  Wasatch,  and  still  others  in  the  Sierra  Nevada,  which  are  referred  to  the 
Great  Basin  system.  The  fact  of  such  movements  extending  into  recent  time  has 
been  urged  by  Powell,  Gilbert,  Russell,  Le  Conte,  Diller,  and  others. 

"  The  ridge$  of  the  Great  basin,  made  thus  of  upturned  and  plicated  rocks,  have 
been  assumed  to  be  each  limited  by  faults  and  to  have  undergone  up-and-down 
movements  and  variously  tilting  displacements,  and  thus  to  have  become  in  effect 
'monoclinal  orographic  blocks'  in  the  'Basin  system,'  each  block  making  by 
itself  a  monoclinal  mountain,  even  when  not  so  in  its  bedding  (Russell,  1885).  In 
the  ideal  sections  made  to  illustrate  this  hypothesis  the  wide  intervals  of  alluvuim 
(that  is,  of  buried  and  concealed  rock)  are  represented  as  underlaid  each  by  a  block 
at  lower  level  or  by  the  subterranean  continuance  of  one  sloping  ridge  to  the  next, 
and  the  actual  flexures  or  lines  of  bedding  have  been  omitted  and  monoclinal 
lines  substituted.  They  are  intended  to  exhibit  the  supposed  structure ;  but  until 
the  stratigraphy  of  the  ridges  of  the  whole  basin  shall  have  been  studied  and  sec- 
tions of  them  represented  and  the  relations  of  each  ridge  to  those  lying  on  the 
same  northward  and  northwestward  line  of  strike  shall  have  been  thoroughly 
investigated,  general  stratigraphic  conclusions  can  not  be  safely  drawn." 

Analysis  of  the  Fault  Hypothesis 

The  present  writer,  seeking  the  foundation  of  facts  on  which  rests  the 
fault  theory  of  the  origin  of  the  Basin  ranges,  has  been  obliged  to  fall 
back  almost  wholly  on  the  original  work  of  Mr  Gilbert,  who  appears  to 
have  conceived  the  hypothesis.  The  views  of  subsequent  investigators 
seem  to  have  been  based  chiefly  on  the  h  priori  assumption  that  all  the 
scarps  of  the  region  were  necessarily  fault-scarps,  and  much  of  the  lit- 
erature has  been  prepared  with  little  or  no  personal  acquaintance  with 
the  field. 

*  Manual  of  Geology,  4th  edition,  p.  366. 
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Analyzing  Mr  Gilbert's  reasons  for  the  propounding  of  the  hypothesis, 
moreover,  we  find  them  almost  wholly  physiographic.  The  frequently 
abrupt  ascent  of  the  mountains  from  the  level  desert  and  the  proximity 
of  the  great  fault-scarps  of  the  Colorado  plateau  seem  to  have  suggested 
the  idea.    They  may  be  epitomized  as  follows  : 

(1)  The  ranges  are  principally  monoclinal  blocks.  (2)  These  blocks 
are  limited  on  one  or  both  sides  by  scarps.  (3)  These  blocks  and  scarps 
can  not  have  been  formed  by  erosion,  and  must  therefore  be  fault-scarps. 

On  this  foundation  there  rests  a  great  superstructure  of  theory  and 
deduction. 

The  refutation  of  these  points  may  be  summarized  from  the  foregoing 
pages: 

1.  According  to  the  accumulated  record  of  observation,  ranges  consist- 
ing essentially  of  a  single  monoclinal  ridge  are  exceedingly  rare.  The 
writer  does  not  remember  a  single  instance  where  such  a  structure  was 
persistent  when  followed  sufficiently  far  along  the  strike.  The  appar- 
ent monocline  almost  invariably  merges  into  a  synclinal  or  anticlinal 
fold,  of  which  it  constitutes  one  of  the  limbs. 

2.  The  writer  has  undertaken  to  show  that  the  mountain  fronts  studied 
are,  in  general,  not  marked  by  great  faults,  and,  conversely,  that  the  as- 
certainable faults  are  very  rarely  attended  by  simple  fault-scarps. 

3.  In  regard  to  the  impossibility  of  erosion  producing  the  desert 
ranges  as  we  have  them,  especially  the  monoclinal  ridges,  the  writer 
finds  chiefly  the  most  normal  type  of  erosion  in  the  Great  basin.  In 
this  point,  however,  he  is  glad  to  call  the  opinion  of  Mr  Clarence  King 
to  his  aid,  who  has  shown  that  in  the  Fortieth  Parallel  region  the  mono- 
clinal ridges  are  in  most  cases  parts  of  anticlinal  or  synclinal  folds,  and 
can  be  traced  into  them  longitudinally.^ 

Summary 

The  conclusion  is  that  the  topographic  forms  of  the  Great  basin,  as 
we  see  them,  are  the  net  results  of  compound  erosion  active  since  Jurassic 
times,  operating  on  rocks  upheaved  by  compound  earth  movements 
which  have  been  probably  also  continuous  during  the  same  period. 
Only  the  more  recent  faults  or  folds  find  direct  expression  in  the  to- 
pography ;  the  older  ones  are  mastered  by  erosion.  In  general,  in  this 
region,  as  in  most  others,  deformation  lags  behind  erosion.  This  is  true 
chiefly  of  the  local  movements,  which  produce  faulting  and  folding,  and 
not  of  vast  general  upheavals  and  depressions,  which  seem  relatively 

*  Geological  Explorations  of  the  Fortieth  Parallel,  vol.  f,  p.  737 
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rapid.  But  folding,  and  especially  faulting,  are  of  irregular  speed, 
erosion  is  more  uniform,  so  that  local  deformation  may  outstrip  ei 
for  a  time,  but  in  any  long  period  is  likely  to  be  beaten  itself.  Tli 
the  faults  actually  observed  in  the  Great  basin,  among  them  even 
post- Pliocene  faults,  nearly  all  haVe  no  direct  expression  in  the 
raphy.  Nevertheless,  some  Pleistocene  faults  are  expressed  in  tl 
pography,  arid  these  have  sometimes  a  very  great  displacement, 
the  Colorado  plateau. 

In  the  case  of  the  Grapevine  mountains  the  range  appears  to  hav< 
already  in  existence  in  pre-lik)cene  or  Cretaceous  times.  In  some 
mountains  of  erosion  which  have  not  suffered  comparatively  recei 
formation,  as  has  the  range  just  mentioned,  their  ancient  origin  ii 
more  clear,  for  the  Tertiary  beds  rest  against  their  bases  unconfoi 
generally  occupying  only  the  present  valle3's  and  not  being  found 
mountains.  Therefore  the  main  system  of  ranges  was  probably  laij 
in  pre-Tertiary  times.  It  was  at  the  close  of  the  Jurassic,  so  far 
can  judge  from  the  rather  scant  evidence,  that  the  Great  Basin 
was  uplifted  above  the  sea  and  plicated.  During  the  Cretaceoi 
region  was  probably  a  land^mass,  and  this  was  very  likely  the 
when  many  of  the  ranges  were  differentiated.  Their  regularity 
more  than  one  would  exY^ect  in  view  of  their  resulting  from  pi 
folds,  and  is  not  so  striking  as  in  the  Appalachian  region.  To  exj 
this  early  dissection  we  must  assume  a  greater  precipitation  thanj 
and  must  conclude  that  the  country  was  traversed  by  many 
Subsequently  the  climate  became  arid  and  the  water  supply  wj 
sufficient  to  remove  the  detritus  from  the  valley s»  which  filled 
that  for  a  long  period  the  reverse  of  differentiation,  or  leveling,  has] 
going  on.  Nevertheless  the  Tertiary  rocks  show  that  warping,  fol 
and  faulting  went  on  continuously  all  through  the  Tertiary  inl 
Pleistocene,  and  is  even  now  progressing.  To  this  warping,  doul 
the  Tertiary  lake  basins  were  due. 

According  to  this  conclusion  these  mountains  are  not  simple  in 
and  structure.    However,  the  writer  would  compare  the  typical  1 
range  to  the  less  compressed  portions  of  the  Appalachians  and  the 
Among  the  exceptional  types  of  ranges  the  Funeral  Range  type  is] 
spicuous.    This  has  a  structure  similar  to  that  of  a  portion  of  the 
mountains,  as  described  and  figured  by  Professor  Davis.* 


♦  Physical  Geography,  1809,  p,  168. 
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DIAGRAM  OF  OBSERVED  FOLD  AXES  IN  NEVADA  AND  ADJACENT  CALIFORNIA 
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Ex  PX.A  NATION   OF   PlATES 


Platk  20. — GreiU  Bcuin  RangcB  of  Southern  Nevada  and  adjacent  California 


Platk  21. — Typicai  Front  of  Great  Bagin  Range 
East  front  of  minor  range  weat  of  the  E^n  range,  near  Ely 


Plate  22. — Diagram  of  observed  Fold  Axes  in  Nevada  and  adijacent  CcUifomia 

Each  line  follows  approximately  the  axis  of  an  anticlinal  or  synclinal  fold. 
Strike  lines  which  are  not  proved  to  be  along  fold  axes  have  l)een  omitted.  Axes 
in  northern  portion  of  diagram  are  from  King  (Fortieth  Parallel  Report,  vol- 
ume I,  analytical  maps  XI  and  XII).  The  rest  are  from  observations  by  the 
writer. 


268         J.  K.  SPURR — ORIGIN  AND  STRUCTURE  OF  THE  BASIN  RANGES 


Plats  23. — EffecU  of  FauUing  on  Topography 

FiGUBE  1. — Faulting  at  Eureka,  Nevada  (after  Ha^nie). 

From  Monograph  XX,  U.  8.  Geological  Survey,  Atlas  Sheet  XIII. 
Section  G  H.  Shows  ascendency  of  erosion  over  Suiting,  a, 
slight  erosion  fault-gully;  6,  slight  normal  erosion  fault-scarp; 
c,  slight  reversed  erosion  fault-scarp.  Scale,  1  inch  =  about  1,350 
feet 

FiouBB  2. — Ideal  result  of  ascendency  of  faulting  over  erosion  (Spurr). 

Ideal  figure  to  show  what  would  have  been  the  approximate  topog- 
raphy of  figure  1  had  fikulting  outstripped  erosion.  Scale,  1  inch  = 
about  1,350  feet 

Figure  3. — Faulting  at  Eureka,  Nevada  (after  Hague). 

Also  from  Monograph  XX,  Atlas  Sheet  XIII.  Section  A  B.  Shows 
ascendency  of  erosion  over  &ulting.  Reversed  erosion  fault-scarp. 
Scale,  1  inch  =  1,35Q  feet 

D  =  Nevada  limestone  (Devonian) ;  ,W.  P.  =  White  Pine  shales  (De- 
vonian) ;  L.  G.  =  Lower  Coal  Measures  strata.  The  fault  shown  in 
the  section  is  a  normal  fault,  having  the  downthrow  on  the  left  as 
we  look  at  the  figure,  yet  the  downthrown  block  forms  a  prominent 
scarp  rising  above  the  upthrown  block  and  worn  only  a  little  back 
from  the  fault- plane.  This  is  therefore  a  reversed  erosion  fault- 
scarp  caused  by  the  greater  resistance  of  the  Ix>wer  Coal  Measures 
as  com{iared  with  the  softer  White  Pine  shales. 

FiGUKK  4. — Faulting  at  Pioche,  Nevada  (after  Howell). 

From  U.  S.  Geographiail  Surveys  West  of  the  One  Hundredth  Me- 
ridian, volume  iii,  Geology,  page  259,  figure  103.  Shows  ascend- 
ency of  erosion  over  faulting.     Reversed  erosion  fault-scarp. 

A  —  Cambrian  qiiartzite ;  C  =  Cambrian  limestone  of  a  higher  hori- 
zon than  the  quartzite.  The  fault  shown  in  the  section  is  a  normal 
&ii1t.  The  block  on  the  right  of  the  figure  being  relatively  down- 
thrust,  the  scarp  shown  is  a  reversed  erosion  fault-scarp. 

FiuuRB  5. — Faulting  at  Pioche,  Nevada  (after  Howell). 

From  the  same  })age  as  figure  4.  Shows  ascendency  of  erosion  over 
faulting,  a,  erosion  fault-valley ;  6,  fault  with  only  slight  effect 
on  topography.  In  addition  to  the  strata  in  figure  4,  b  here  equals 
Cumbrian  shales  intermediate  in  position  between  the  limestone 
and  the  quartzite.  The  fault  at  a  has  determined  a  fault-gully, 
while  the  fault  6  has  had  very  little  influence  on  the  topography. 
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Plate  24,--Effect8  of  FauUing  {Figures  1,  2,  and  S)  and  Effects  of  folding  {Figures  4, 

6,  and  6)  on  Topography 

FiGURB  1. — Diagrammatic  sketch  of  simple  fault-scarps. 

Drawing  by  Spurr  from  the  perpendicular  walls  of  Meadow  Valley 
canyon,  Nevada.  Shows  ascendency  of  faulting  over  erosion. 
Scale,  1  inch  =  about  40  feet. 

FiGURB  2. — Faulting  of  the  Pifion  range,  Nevada  (after  Walcott). 

Monograph  XX,  U.  S.  Geological  Survey,  page  201.  Shows  ascend- 
ency of  erosion  over  faulting. 

p  =  Pogonip  limestone  (Silurian) ;  E  =  Eureka  quartzite  (Silurian) ; 
L  =  Lone  Mountain  limestone  (Silurian) ;  D  =  Devonian  lime- 
stone ;  C  =  Carboniferous  quartzites ;  F  =  erosion  &ult-gulch ; 
F^  =  fiiult  with  no  effect  on  topography. 

FiGURB  3.— Faulting  of  the  House  range,  Utah  (after  Gilbert). 

U.  S.  Geographical  Surveys  West  of  the  One  Hundredth  Meridian, 
volume  iii,  page  27.  Shows  ascendency  of  erosion  over  faulting. 
Fault  with  no  effect  on  topography.  On  superficial  observation 
apparently  a  reversed  erosion  fitult-scarp.  Scale,  1  inch  =  about 
5,000  feet. 

FiGURB  4. — Cross-section  of  the  Funeral  range,  California  (Spurr). 

The  mountains  are  made  up  of  Tertiary  sediments  and  volcanics. 
The  diagram  shows  ascendency  of  folding  over  erosion.  Anticlinal 
ridges  and  synclinal  valleys  of  deformation.  Scale,  1  inch  =  about 
3\  miles. 

FiGURB  5. — Cross-section  of  the  Long  Valley  and  White  Pine  ranges  (Spurr). 

This  cross-section  was  taken  in  the  latitude  of  the  White  Pine  mining 
district,  and  shows  ascendency  of  erosion  over  folding.  Synclinal 
and  monoclinal  ridges  of  erosion  and  anticlinal  valleys  of  erosion. 
Scale,  1  inch  =  4  miles. 

1  =  Cambrian  limestone;  2  =  Pogonip  limestone  (Silurian);  3  = 
Eureka  quartzite  (Silurian)  ;  4  =  Lone  Mountaifi  limestone  (Silu- 
rian) ;  5  =  Nevada  limestone  (Devonian ) ;  6  =  White  Pine  shales 
(Devonian) ;  7  =  Diamond  Peak  quartzite  (Coal  Measures) ;  8  = 
Coal  Measure  limestone  ;  9  =  valley  wash  (Pleistocene). 

t 

Figure  6. — Cross-section  of  Humboldt  range  (after  King) : 

Explorations  of  Fortieth  Parallel,  Atlas,  General  Sections  Sheet. 
Shows  ascendency  of  erosion  over  folding.  Anticlinal  ridge  of  ero- 
sion. A  =  Archean ;  L  C  =  I/)wer  Carboniferous  ;  U  C  =  Upper 
Carboniferous.    Scale,  1  inch  =  4  miles. 
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Plate  25. — CroM'$eclions  of  typical  Basin  Ranges 

FiGDRB  1. — East- west  section  of  Quinii  Canyon  and  Grant  ranges. 

Advanced  stage  of  ascendency  of  erosion  over  deformation.  Syncli- 
nal ridges  and  anticlinal  valleys  of  erosion.  Scale,  1  inch  =aboai 
3i  milep. 

1  =  Cambrian  limestones;  2=^Pogonip  limestone  (Silurian);  3  = 
Eureka  quartzite  (Silurian) ;  4  =  massive  limestones,  probably  in- 
cluding both  Silurian  and  Devonian  ;  5  =  intrusive  granitic  rocks; 
6  =  extrusive  rhyolites ;  7  =  valley  wash  (Pleistocene). 

FiGURB  2. — East-west  section  of  Spring  Mountain  range. 

Ascendency  of  erosion  over  deformation.  Sy  ncl  inal  ridge  of  erosion. 
The  strata  in  this  figure  are  massive  limestones,  chiefly  Carbonif- 
erous, but  very  likely  with  Devonian  and  possibly  Silurian  in  the 
lower  portions.    Scale,  I  inch  =  about  3i  miles. 

Figure  3.— North-south  section  of  Spring  Mountain  range. 

Advanced  stage  of  ascendency  of  erosion  over  deformation,  with 
probable  recent  deformation  superadded.  Slight  normal  erosion 
fault-scarp;  fault  with  no  effect  on  topography;  probable  later 
anticlinal  arch  of  deformation.    Scale,  1  inch  =  about  3}  miles. 

1  —  Cambrian  quartzites  chiefly ;  2  =  Cambrian  limestones ;  3  ~ 
Silurian  limestones ;  4  =  massive  limestones,  chiefly  CarboniferoaF, 
but  very  likely  extending  through  the  Devonian  into  the  Silurian, 
possibly  into  the  Cambrian ;  5  =  valley  wash  (Pleistocene). 

Figure  4. — Eastrwest  section  of  Mormon  range 

This  section  is  taken  at  the  northern  end. of  the  range.  Ascendency 
of  deformation  over  erosion.  Anticlinal  ridge  of  deformation, 
bearing  a  growing  anticlinal  valley  on  its  crest  Scale,  1  inch  = 
about  3}  miles. 

1  =  Carboniferous  limestones ;  2  =  chiefly  ancient  folded  acid  vol- 
canii«  and  derived  sediments  (early  Tertiary);  3  =  little  folded 
conglomerates  and  sandstones,  with  lavas  (late  Tertiary- Pleisto- 
cene). 

Figure  5. — East-west  section  of  Hot  Creek  range. 

This  section  is  taken  at  Hot  creek.  Si)ecial  relation  of  deformation 
and  erosion.  The  deformed  strata  have  been  protected  from  ero- 
sion by  a  covering  of  lava,  only  lately  stripped  off  in  places. 
Probable  anticlinal  ridge  of  deformation,  and  simple  fault-scarps 
(a,  c).     Erosion  fault-gulch  (6>. 

1  =Pogonip  limestone  (Silurian);  2  =  Eureka  quartzite  (Silurian); 
3  L^  Up|)er  Silurian  shales  and  thin  bedded  limestones,  cori'espond- 
ing  to  the  I>one  Mountain  formation  of  Eureka ;  4  =  massive 
rhyolite;  5  =  8tratifitHl  older  gravels  (Pliocene);  6  =  valley  wash 
(Pleistocene). 
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Introduction 


In  the  following  pages  I  propose  to  set  forth  the  results  of  observations 
made  in  that  part  of  the  Cordilleran  system  which  lies  within  the  limits 
of  the  United  States,  excluding  Alaska.  The  main  end  in  view  is  to  ex- 
hibit the  history  of  the  erosive  processes  in  that  region  with  reference  to 
successive  changes  in  climate  during  the  later  geological  periods.  Inci- 
dentally, reference  will  be  made  to  the  general  conditions  of  erosion  in 
mountainous  countries  and  to  the  effects  of  alternating  plentiful  and 
scanty  rainfall  on  the  forms  of  valleys  as  well  as  the  influence  of  the 
volcanic  ejections  which  have  occurred  in  the  Cordilleras  since  the  ex- 
isting topography  began  to  be  developed. 

Although  the  results  of  the  inquiries  which  are  recorded  below  repre- 
sent a  considerable  amount  of  labor,  including  journeys  aggregating  a 
distance  of  more  than  10,000  miles  within  the  area  above  noted,  they 
must  be  regarded  as  in  a  great  measure  tentative.  The  field  of  the  in- 
quiry is  large  and,  while  the  facts  set  forth  are  tolerably  clear,  the  con- 
clusions to  be  drawn  from  them  are  open  to  debate.  It  is,  moreover, 
evident  that  the  matter  deserves  a  more  extended  study.  This  paper 
undertakes  little  more  than  to  indicate  in  general  the  value  of  the 
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results  which  may  in  time  be  attained  by  following  certain  series  of 
phenomena  exhibited  in  the  valleys  of  the  Cordilleran  district. 

State  of  the  Valleys 

It  has  often  been  observed  that  the  yalleys  of  the  larger  streams  in 
many  parts  of  the  Cordilleras — at  least  within  the  limits  of  the  United 
States — are  prevailingly  of  remarkable  width,  their  aspect  being  often 
that  of  broad  plains,  sloping  gently  from  the  bases  of  the  mountains  on 
either  side  to  the  rivers  which  drain  them.  These  streams  are  usually 
without  definite  banks  and  not  directly  controlled,  as  regards  their  posi- 
tions, by  the  bed  rocks  of  the  mountain  ranges.  Here  and  there,  though 
extieptionally,  this  great  area  exhibits  streams  which  have  carved  very 
deep  canyons — a  type  of  valleys  in  singular  contrast  to  the  more  common 
broad  vales.  There  is  no  definite  series  connecting  these  deeply  carved, 
narrow  valleys  with  those  of  the  broad  form.  The  two  groups  are,  indeed, 
sharply  contrasted ;  the  variety  of  intermediate  forms  seems  to  indicate 
some  essential  difference  in  their  histories. 

The  valleys  of  the  broad  type  are  formed  of  two  very  distinct  topo- 
graphical elements— the  mountain  walls  on  either  side  and  the  slopes- 
locally  termed  "  benches,"  which  extend,  with  gentle  declivities,  from 
the  base  of  their  steeps  to  the  central  part  of  the  trough.  The  mountains 
exhibit  the  usual  range  in  form,  their  torrent  valleys  above  the  zone  of 
gentle  slopes  having  the  normal  shapes  due  to  the  incising  action  of 
swift-flowing  streams.  Except  that  the  gently  sloping  surfaces  charac- 
teristic of  the  broad  vales  often  penetrate  for  some  miles  upward  into 
the  troughs  of  these  lesser  streams,  they  in  no  noticeable  way  diflfer  from 
those  similarly  placed  in  other  elevated  districts.  Passing  from  the 
steep,  mountainous  country  into  the  vale,  there  is  commonly  an  abrupt 
change  in  the  angle  of  the  slopes.  They  decline  to  an  average  of  prob- 
ably less  than  100  feet  to  the  mile.  Although  this  slope  is  often  quite 
uniform  for  the  distance — it  may  be  of  several  miles — ^there  is  commonly 
a  rather  gradual  decline  in  the  grade,  so  that  it  passes  from  about  2  feet 
in  100  next  the  rocky  borders  to  less  than  one-half  foot  in  that  distance 
in  the  central  part  of  the  vale.  The  surface  of  these  sloping  bottoms  of 
the  broad  valleys  is  little  varied,  except  where  they  ate  intersected  by 
the  greater  streams  which  make  their  way  across  them  from  the  torrent 
zone  to  the  main  water-courses.  At  these  points  the  benches  are  traversed 
by  valleys,  usually  of  considerable  width,  which  are  occupied  by  local 
deposits  evidently  of  detrital  origin  and  of  lesser  declivity  than  those 
they  intersect  as  well  as  of  more  recent  formation. 

Although  in  most  instances  the  valleys  we  are  considering  are  un- 
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broken  by  isolated  eminences  of  a  mountainous  nature,  it  not  infre- 
quently happens  that  low  peaks  protrude  above  the  generally  even  sur- 
face and  occasionally  a  considerable  mountain  range  breaks  their  slopes. 
Here  and  there,  especially  when  the  valleys  are  of  the  widest  form,  vol- 
canic peaks  occur,  commonly  as  degraded  stocks — that  is,  the  remnants 
of  cones.  In  fact  these  structures,  though  not  common,  are  among  the 
characteristic  features  of  these  broad  vales  They  are  irregularly  distrib- 
uted, sometimes  lying  in  the  central  part  of  the  troughs;  again,  perhaps 
most  commonly,  near  their  borders  or  even  in  the  marginal  parts  of  the 
mountain  ranges  that  constitute  the  divides  between  the  drainage  basins. 

Noting  the  evident  likeness  of  these  broad  valleys  to  those  of  rivers  in 
a  country  brought  near  to  its  baselevel  of  erosion,  the  observer  is  at  first 
led  to  the  supposition  that  they  are  but  extreme  instances  of  widened 
drainage  troughs,  wherein,  as  usual,  the  cutting  streams  in  their  wind- 
ings have  excavated  very  wide  vales.  A  little  observation  shows  that 
this  explanation  is  insufficient  for  the  reason  that  nowhere  are  the  water- 
courses now  at  work  on  the  hard  bed  rocks  of  the  country,  access  to  them 
being  made  impossible  by  the  long  detrital  slopes  on  either  side.  These 
slopes,  though  they  are  made  of  rather  incoherent  detritus,  are  never  cut 
into  escarpments  of  any  considerable  height.  They  control  the  drainage 
and  are  not  controlled  by  it.  Finding,  as  we  do,  many  instances  of  val- 
leys 10  miles  or  more  in  width  and  50  or  more  in  length,  with  their  rivers 
everywhere  defended  by  detritus  from  their  ordinary  incising  work,  we 
are  forced  to  conclude  that  these  vales  are  not  widening  by  the  swing- 
ings of  their  drainage  channels  and  the  successive  excavations  which  are 
thus  induced. 

The  next  working  hypothesis  which  may  be  adduced  is  that  these 
broad  valleys,  after  having  been  excavated  to  a  much  greater  depth  than 
they  now  exhibit,  have,  by  somq  process  of  warping  or  tilting  of  the 
region  in  which  they  lie,  been  converted  into  lakes,  and  that  their  slop- 
ing central  parts  are  made  up  of  lacustrine  deposits.  That  such  is  not 
generally  the  case  is  indicated,  as  will  be  shown  further  on,  by  the  char- 
acter of  the  deposits,  but  even  more  clearly  by  tbe  topographic  shape  of 
the  materials.  Save  in  such  instances  as  are  afforded  by  the  extinct 
lakes  of  the  Bonneville  group,  where  there  are  characteristic  shorelines, 
the  lacustrine  hypothesis,  though  frequently  applied,  is  usually  inad- 
missible.    This  is  indicated  by  the  facts  now  to  be  set  forth. 

Where  we  trace  the  margins  of  the  slopes  or  benches  to  their  contact 
with  the  bordering  ranges  we  nowhere  find  distinct  beach  terraces  such 
as  are  so  well  exhibited  about  the  Utah  lakes.  It  can  not  be  assumed 
that  such  terraces  once  existed,  but  have  been  destroyed,  for  such  ruin- 
ing action  would  have  greatly  changed  the  surface  of  the  slopes,  whiph 
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still  extend  in  admirable  continuity  ap  to  the  foot  of  the  rocky  steepe. 
Moreover,  if  we  follow  up  the  lines  of  contact  of  the  slopes  with  the 
ranges  toward  the  head  of  any  of  the  main  branches  of  a  river  aystem 
such  as  that  of  the  Missouri,.we  find  that  these  lines  rise,  though  it  may  be 
at  a  less  rate,  with  the  general  ascent  of  the  valleys.  To  suppose  that  the 
margins  of  the  slopes  marked,  even  in  a  general  way,  the  shores  of  ex- 
tinct lakes  would  require  an  hypothesis  of  secondary  tilting  for  each 
valley  such  as  would  be  quite  inadmissible.  Thus,  while  here  and  there 
lacustrine  deposition  has  undoubtedly  played  some  part  in  the  devel- 
opment of  the  existing  forms  of  these  troughs,  it  can  not  be  held  that 
the  process  has  been  the  main  agent  in  giving  them  their  shape.  Fur- 
ther reasons  for  dismissing  this  hypothesis  appear  when  we  examine 
into  the  constitution  of  the  deposits  which  underlie  the  approximately 
level  parts  of  these  valleys. 

Structure  op  the  Valley  Deposits 

Owing  to  the  fact  that  the  streams  which  drain  the  valleys  of  the  broad 
type  do  not,  to  any  considerable  extent,  attack  the  deposits  by  which 
they  flow,  there  are  very  few  natural  sections  of  value  to  the  observer. 
The  surface  of  the  beds  is,  in  most  parts  of  the  field,  covered  with  a  soil 
in  which  more  or  less  angular  pebbles  abound.  At  many  points  the 
burrowing  insects  and  mammals  have  brought  the  finer  debris  which 
originally  lay  between  the  pebbles  within  a  few  feet  of  the  top  to  the 
surface,  so  that  it  has  been  blown  away  by  the  wind.  By  the  growth  of 
vegetation,  a  part  of  the  decomposed  rock  has  been  brought  to  the  air, 
where,  after  the  decay  of  the  plants,  it  is  likewise  thus  swept  off.  The 
result  of  these  deportati  ve  actions  has  been  to  so  far  concentrate  the  pebbly 
material  of  the  soil  that  in  the  more  arid  portions  of  the  Cordilleras  the 
ground  is  often  completely  covered  with  coarse  fragments.  Where  quanti- 
ties of  earthy  matter  have  thus  been  removed  in  the  form  of  dust  it  is 
common  to  find  considerable  deposits  of  the  wind-blown  material  along 
the  banks  of  the  streams  having  a  thickness  of  from  3  to  6  feet.  The 
deposition  takes  place  because  the  speed  of  the  wind  is  lessened  in  the 
tangle  of  vegetation  which  grows  in  the  humid  belt  near  the  streams.  A 
portion  of  this  blown  debris  finds  its  way  up  into  the  mountains,  where  it 
comes  temporarily  to  rest  in  the  forests  and  grassed  fields.  Much  of  it 
appears  to  journey  on  in  the  prevailing  westerly  winds  until  it  passes  be- 
yond the  eastern  border  of  the  mountain  system. 

Penetrating  beneath  the  concentration  of  debris  produced  in  the  man- 
ner above  noted,  we  find  in  the  ordinary  limited  sections  such  as  are 
afforded  by  railway  cuttings  and  irrigation  ditches  or  the  occasional  shaft 
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wella  concerning  which  information  can  be  had,  the  subjacent  beds  com- 
monly made  up  of  fragmental  materials  in  general  as  appears  at  the  sur- 
face. The  pebbles  in  these  beds  are  usually  not  much  water-worn,  except 
where  they  have  evidently  been  transported  from  a  considerable  dis- 
tance by  the  mountain  torrents  and  aiccumulated  on  their  detrital  areas. 
In  such  positions  they  have  the  character  common  to  such  pebbles.  In 
all  the  instances  where  I  have  been  able  to  identify  the  source  of  these 
fragments  they  have  come  from  the  rocks  of  the  neighboring  mountains. 
Although  the  observations  I  have  made  are  limited,  they  go  to  show  that 
the  proportion  of  materials  coarse  enough  to  be  termed  pebbly  is  large, 
commonly  more  than  three-fourths  of  the  mass,  and  that  these  pebbles 
are  much  decayed. 

As  regards  the  size  and  distribution  of  the  fragments,  they  are  clearly 
larger  the  nearer  they  are  to  the  bases  of  the  mountain  walls.  There  is, 
indeed,  a  tolerably  uniform  decrease  in  their  size  as  they  lie  farther  away 
from  the  highest  part  of  the  slopes ;  yet  it  is  not  uncommon  to  find 
fragments  as  much  as  a  foot  in  diameter  at  a  distance  of  2  or  3  miles 
from  the  source  whence  they  came.  The  extent  to  which  they  are  de- 
cayed usually  increases  as  they  lie  farther  out  toward  the  center  of  the 
valley.  Where  the  rocks  are  granitic  and  of  a  rather  perishable  char- 
acter, as  about  the  Silver  Bow  river,  near  Butte,  Montana,  the  coarse 
element  in  the  deposit  does  not  commonly  extend  for  any  considerable 
distance  from  the  foot  of  the  mountains.  In  these  conditions  the  ma- 
terial of  the  slopes  ordinarily  consists  of  the  disintegrated  rock  of  which 
the  crystals  are  sufficiently  well  preserved  to  warrant  the  term  arkose 
being  applied  to  the  mass.  The  formation  of  these  peculiar  beds  is 
greatly  favored,  if,  indeed,  it  is  not  mainly  brought  about,  by  certain 
species  of  ants  which  abound  in  nearly  all  parts  of  the  Cordilleras. 
These  creatures  accumulate  upon  their  hills  quantities  of  the  fragments 
which  have  become  loosened  by  the  decay  of  the  crystalline  rocks.  It  is 
not  uncommon  to  find  in  one  of  their  heaps  as  much  as  2  or  3  cubic  feet 
of  such  debris.  At  several  places,  particularly  in  Arizona,  I  have  noted, 
over  large  areas,  as  many  as  50  of  these  hills  to  the  acre  of  ground,  with 
the  result  that  in  a  single  square  mile  there  may  be  several  hundred  cubic 
yards  of  material  ready  to  be  swept  away  by  a  torrential  rain,  to  be  laid 
down  in  the  lower  parts  of  the  valley. 

It  may  be  incidentally  noted  that  one  of  these  species  of  ants  which 
particularly  abounds  in  the  southern  part  of  the  Cordilleras  has  another 
habit  which  facilitates  soil  erosion  botli  by  rain  and  wind.  This  insect 
completely  removes  the  grass  and  other  lowly  vej^etation  over  a  circle 
from  10  t#  20  feet  in  diameter,  in  the  center  of  which  lies  the  nest  or  hill. 
As  the  roots  of  the  plants  are  extirpated  the  ground  is  deprived  of  its 
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natural  protection,  and,  as  the  circles  in  question  are  often  so  distributed 
that,  their  margins  are  almost  in  contact,  the  result  is  that  the  sheets  of 
water  which  flow  over  the  ground  when  ^  torrential  rain,  the  so-called 
**  cloud-burst,"  occurs  are  likely  to  find  the  earth  quite  without  its  nat- 
ural protection  against  erosion. 

The  only  place  where  I  have  been  able  to  make  any  ^tisfactory  ob- 
servations as  to  the  structure  of  the  deposits  of  the  detrital  slopes  of  the 
valleys  at  a  depth  of  more  than  30  feet  below  the  surface  is  in  the  region 
about  Butte,  Montana.  At  that  point  a  number  of  shafts  have  been 
sunk  through  the  debris  which  fills  the  valley  of  the  Silver  Bow  river. 
These  shafts  are  all  abandoned,  so  that  the  only  information  concerning 
them  has  been  derived  from  *the  waste  about  the  pit  mouths  and  from 
the  statements  of  those  who  remember  something  of  what  was  encoun- 
tered in  the  work  of  sinking  them.  It  seems  tolerably  certain  that  the 
deepest  of  those  shafts  sunk  near  the  center  of  the  valley  slopes,  which 
are  here  about  2  miles  wide,  failed  to  attain  the  bed  rock  at  a  depth  of 
between  3  and  4  hundred  feet,  and  that  the  material  passed  through 
was  principally  of  a  nature  approximating  to  arkose,  with  occasional 
pebbles  composed  of  the  harder  dikes  which  intersect  the  crystalline 
rocks  of  the  country.  At  other  points  in  the  valleys  of  the  Upper  Mis- 
souri system,  especially  in  that  of  the  Stinking  Water,  now  renamed  the 
Ruby,  borings  which  1  had  a  chance  to  observe  indicated  that  the  ma- 
terial to  a  depth  of  50  feet  and  at  a  distance  of  about  4  miles  from  the 
Old  Baldy  section  of  the  Tobacco  Root  range  contained  coarse  pebbles. 
Various  railway  and  irrigation  ditch  sections  from  northern  Montana  to 
central  Arizona  clearly  show  that  this  pebbly  nature  is  common  to  the 
deposit. 

At  some  points  this  detritus  forming  the  benches  of  the  valley,  when 
it  is  of  an  arkose  nature,  has  become  cemented  in  so  firm  a  manner  that 
it  is  readily  mistaken  for  granite.  In  two  instances  I  have  known  this 
mistake  made  by  competent  mining  experts,  who  were  not  to  be  per- 
suaded of  their  error  until  they  were  shown  that  ordinary  gravel  lay  be- 
neath the  firm  beds.  These  recomposed  crystalline  rocks  appear  in  all 
cases  to  occur  near  the  foot  of  the  mountains  in  places  where  the  grains 
of  decayed  granitic  rocks  have  not  been  much  rounded  or  deprived  of 
that  part  of  their  matter  which  was  readily  soluble. 

So  far  as  the  inadequate  sections  give  information  concerning  the  ma- 
terials underlying  the  general  surface  of  the  valley,  they  indicate,  as  be- 
fore noted,  that  the  deposits  consist  of  debris  brought  from  the  adjacent 
mountains.  This  mixture  of  clay,  sand,  pebbles,  and  larger  fragments  is 
rudely  stratified ;  the  bedding  is  irregular  and  often  scarcely  traoeable,  but 
has  an  evident  dip  toward  the  center  of  the  valley  in  which  the  deposit 
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lies.  Very  often  we  find  a  maes  of  ordinary  torrent  waste  intercalated 
in  the  body  of  less  transported  material.  These  accumulations  some- 
times occur  where  they  can  not  be  certainly  referred  to  any  neighboring 
torrent  valley,  yet  they  clearly  are  the  product  of  some  mountain  stream 
which  has  shifted  its  position  since  the  pebbles  were  laid  down.  In  the 
depressions  of  the  slopes  through  which  the  mountain  streams  pass  on 
their  way  to  the  main  rivers  I  have  found,  notably  in  the  valley  of  the 
Rubv  river  of  Montana,  a  class  of  materials  in  marked  contrast  with 
those  which  make  up  the  unconsolidated  beds  of  the  main  valleys.  Thus 
in  pits  sunk  to  test  the  value  of  auriferous  gravels  at  Alder  creek,  in  Mad- 
ison county,  Montana,  the  deposits  of  a  pebbly  nature  constituting  the  de- 
trital  cone  of  the  stream  which  lies  in  a  wide  depression  of  the  principal 
slope  of  the  vale  have  a  thickness  of  from  20  to  60  feet,  their  depth  in- 
creasing toward  the  center  of  the  valley.  Beneath  this  pebbly  bed, 
with  a  very  sharp  transition,  we  come»upon  a  grayish  white  clayey  de- 
posit of  an  absolutely  homogeneous  character,  which  has  been  bored 
through  to  the  depth  of  90  feet  without  finding  bottom.  This  clay-like 
matter  continues  upward  in  the  flat-bottomed  gulch  occupied  by  Alder 
creek  for  about  5  miles  from  the  mouth  of  the  canyon;  at  3  miles  above 
that  point  it  has  a  thickness  of  over  100  feet. 

Although  occasional  fossils  are  found  in  the  torrent  gravels  which  have 
been  formed  since  the  Glacial  period,  they  give  no  trustworthy  evidence 
as  to  the  age  of  the  deposits.  I  have  gathered  from  Alder  gulch,  within 
the  upper  limits  of  the  detrital  cone,  near  to  or  upon  the  foundation  of 
volcanic  ash  before  referred  to,  several  disjointed  fragments  of  the  skele- 
ton of  an  elephant  and  teeth  of  Elephas  primigenius,  but  in  the  same  sec- 
tion have  found  a  part  of  the  jaw  of  a  morosaurus.  As  there  are  evidently 
no  Cretaceous  beds  now  existing  in  the  valley  of  that  creek,  we  may  pre- 
sume that  this  latter  fossil  came  from  deposits  that  have  been  completely 
removed  from  the  district.  So  far  as  I  am  aware,  no  fossils  have  been 
found  in  the  probably  more  ancient  taluses  of  the  broad  valleys. 

As  yet  the  nature  and  origin  of  the  Alder  Gulch  clay  is  somewhat  un- 
certain. The  components  of  the  mass  are  so  far  decayed  that  they  can 
not  be  clearly  identified.  The  facts,  however,  warrant  the  supposition 
that  the  mass  was  derived  from  a  basic,  volcanic  ash.  These  facts  are 
as  follows :  The  clay  is  quite  unmixed  with  pebbles  or  even  distinct 
grains  of  sand ;  it  is  not  even  stained  with  iron  as  an  ordinary  sedi- 
mentary clay  made  in  such  a  position  would  be.  It  exhibits  no  distinct 
stratification.  It  does  not  become  coarser  on  approaching  the  moun- 
tain or  even  in  the  upper  parts  of  the  canyon  of  Alder  creek.  More- 
over, on  the  westerly  side  of  that  stream,  near  the  mouth  of  Granite 
creek,  it  is  immediately  overlaid  by  lava  flows  which  have  certainly  at 
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one  time  overspread  all  of  the  valley  of  that  stream.  Not  only  on  either 
side  of  the  channel  lie  the  dissected  fragments  of  an  extensive  mesa  of 
basalt,  but  there  are  the  stocks  of  minor  cones  within  a  radius  of  5  miles ' 
which  were  evidently  in  eruption  long  after  the  older  clay-like  material 
had  been  much  dissected  by  the  torrents  that  traverse  it.  These  condi- 
tions make  it  reasonable  to  suppose  that  the  clays  above  referred  to  have 
been  derived  from  the  decomposition  of  volcanic  ash  accumulated  when 
it  fell  or  washed  into  position  by  the  rains  which  commonly  attend 
eruptions. 

It  appears  clear  that  these  ash  beds  were  accumulated  during  a  vol- 
canic outbreak  which  followed  the  construction  of  the  main  benches  of 
the  valley.  They  evidently  do  not  extend  beneath  the  general  surface 
of  the  benches  at  least  in  those  parts  of  the  area  adjacent  to  the  moun- 
tains, though  they  are  probably  to  be  found  in  the  central  part  of  the 
troughs.  The  deposit  which  lies  beneath  Alder  creek  has  been  traced  by 
borings  almost  out  to  Ruby  river,  a  distance  of  3  miles  from  the  moun- 
tain walls.  On  either  side  it  appears  to  come  into  contact  with,  but  not 
to  pass  under,  the  material  of  the  benches.  It  thus  appears  likely  that 
the  ash  must  have  been  laid  down  on  the  general  surface  of  the  country 
and  afterward  swept  into  the  channel  of  the  creek.  It  is  certain  that 
none  of  it  is  now  visible  on  the  levels  above  the  stream  bed,  and  that  it 
is  covered  by  a  thick  layer  of  debris  comprised  of  the  rocks  which  make 
up  the  mass  of  the  neighboring  mountains. 

The  fact  that  at  Alder  creek  the  rock  channel  has  been  so  deeply  filled 
that  at  7  miles  up  from  its  junction  with  Ruby  river  its  present  level  is 
over  100  feet  above  its  original  bed,  and  that  an  even  deeper  infilling 
has  taken  place  in  the  Silver  Bow  valley  near  the  head  of  a  small  branch 
of  the  river,  shows  clearly  that  very  great  changes  have  taken  place  in 
relatively  modern  times  in  the  details  of  the  form  of  the  valleys  of  the 
Upper  Missouri  district.  I  now  propose  to  consider  what  are  the  real 
shapes  of  these  vales  beneath  the  masses  of  detritus  with  which  they 
have  become  thus  occluded.  I  have  already  noted  the  fact  that  the 
valley  deposits,  from  the  lack  of  natural  sections,  most  effectively  mask 
the  shape  of  the  bed-rock  outlines.  At  only  one  point,  namely,  in  the 
city  of  Butte,  have  I  been  able  to  find  any  artificial  cuts  through  the 
upper  parts  of  the  slopes  that  reach  the  bed  rock.  In  that  town,  how- 
ever, many  openings,  especially  those  for  a  system  of  sewerage,  have 
disclosed  facts  of  much  interest,  which,  taken  with  other  bits  of  infor- 
mation, enable  us  to  construct  a  tolerable  picture  at  least  locally  true  of 
the  hidden  bed-rock  floors  of  these  troughs. 

It  is  first  to  be  noted  that  the  detrital  slope  on  which  the  city  of  Butte 
is  built  extends  from  near  the  top  of  a  degraded  mountain  to  Silver  Bow 
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creek,  a  distance  of  about  2  miles.  In  the  angle  of  its  declivity,  its  gen- 
eral form,  and  the  character  of  the  material  next  the  surface  it  is  essen- 
tially like  the  other  benches  of  the  Cordilleran  valley.  It  has  the 
normal  i^idth  of  these  slope  benches  in  valleys  occupied  by  streams 
of  like  volume.  Left  in  its  undisturbed  state,  it  would  have  been  classed 
with  the  other  like  structures.  The  only  peculiar  feature  is  found  in 
the  more  than  usual  readiness  with  which  the  granitic  and  volcanic 
rocks  of  the  ridge  decay.  These  rocks  disintegrate  at  a  considerably 
greater  rate  than  the  average  of  the  mountain-building  formations  of 
the  area,  with  the  result  that  the  Butte  ridge  has  evidently  lost  in  height 
more  rapidly  than  the  other  divides  of  this  region.  The  only  effect  of 
these  local  conditions  has  been  to  hasten  the  processes  by  which  the 
valley  was  formed,  so  that  the  trough  is  somewhat  broader  than  it  would 
otherwise  have  been. 

The  plentiful  openings  which  have  been  made  in  the  talus  slopes  be- 
neath Butte  show  that  the  bed  rocks  form  a  tolerably  continuous  incline 
in  which  there  are  no  conspicuous  departures  from  a  regularly  inclined 
surface  to  aline  about  1,000  feet  from  the  general  position  of  Silver  Bow 
creek;  there  they  turn  rather  suddenly  downward.  On  the  opposite  side 
of  the  stream  toward  the  now  bald  granitic  hill  known  as  Timber  butte  the 
few  pits  that  have  been  sunk  indicate  a  similar  position  of  the  bed  rocks. 
The  gorge  into  which  these  slopes  of  the  firm  rocks  decline  apparently 
has  a  width  of  one-half  mile.  Its  depth  is  uncertain,  but  as  it  is  clearly 
at  least  400  feet  deep  in  the  small  branch  of  the  creek  'that  lies  to  the 
east  of  the  town  between  it  and  the  Continental  divide,  we  may  assume 
a  considerably  greater  depth  of  the  buried  gorge  on  the  line  of  this  cross- 
section  above  mentioned.  Assuming  that  this  buried  canyon  has  the 
slope  of  the  walls  continued  downward  in  the  form  of  a  V  and  with  the 
steepness  they  have  near  their  margin,  it  is  likely  that  the  bed  of  the 
ancient  stream  is  at  least  600  feet  below  the  present  course  of  its  waters. 

A  careful  inspection  of  the  Silver  Bow  valley  from  the  canyon  on  the 
west  to  the  head  o^  the  streams  that  drain  it  warrants  the  supposition 
that  the  same  form  of  the  bed  rocks  exists  in  all  its  parts.  Everywhere 
the  numerous  prospect  holes  made  in  the  search  for  ore-bearing  veins 
reveal  the  presence  of  the  crystallines  beneath  from  5  to  50  feet  of  sur- 
face debris  out  to  a  line  from  1  to  2  miles  beyond  the  mountain  steeps, 
and  then  a  swift  descent  of  the  under  rocks  to  a  narrow  and  deep  chan- 
nel. As  to  the  nature  of  the  filling  of  this  deep  gorge  we  have  no  cer- 
tain information.  It  is  said,  however,  that  wells  near  the  stream  have 
encountered  a  whitish  clay  at  the  depth  of  30  feet  which  may  be  of  vol- 
canic origin.  Assuming  that  the  valley  of  the  Silver  Bow  has  been  thus 
deeply  excavated  and  refilled,  the  question  arises  whether  this  cavity 
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could  have  been  produced  by  other  than  river  action.  For  reasons  al- 
ready given  it  seems  impossible  that  these  channels  should  have  been 
formed  by  differential  warping,  for  if  such  were  the  case  the  movement 
would  have  had  to  follow  the  paths  of  the  much-branched  valley ;  more- 
over, the  form  of  the  central  gorges  of  these  troughs  is  altogether  incon- 
sistent with  the  supposition  that  they  are  due  to  such  movements.  We 
have  thus  to  believe  that  the  stream  beds  of  this  area  were,  at  no  geologi- 
cally distant  date,  several  hundred,  perhaps  a  thousand,  feet  lower  than 
they  are  at  present. 

The  passage  from  the  broad  valley  of  the  upper  Silver  Bow  to  the 
narrow  gorge  by  which  the  waters  of  the  basin  find  their  exit  clearly 
demands  explanation.  This  may  possibly  be  found  in  the  fact  that  the 
rocks  through  which  this  channel  is  cut  evidently  decay  rather  slowly, 
and  so  developed  a  narrow  canyon  gorge.  It  is,  however,  not  unlikely 
that  there  has  been  here,  as  elsewhere  in  the  Cordilleras,  a  recent  change 
in  the  path  of  escape  of  the  stream  by  which  a  new  way  of  escape  was 
provided,  so  that  the  higher  portion  of  the  vale  was  formed  or  at  least 
outlined  with  one  baaelevel  of  drainage,  and  the  lower  at  another  such 
level.  This  is,  however,  a  question  of  detail  that  cannot  well  be  here 
considered. 

In  the  part  of  the  Ruby  River  valley  near  Alder  creek  the  evidence 
obtained  from  borings,  as  before  noted,  together  with  that  gained  by  an 
inspection  of  the  surface  features  of  that  area,  shows  conditions  of  the 
ancient  topography  substantially  the  same  as  those  found  near  Butte. 
The  sloping  platform  of  the  ancient  rocks  on  the  northern  side  of  the 
vale  is  evidently  continued  out  for  an  unknown  distance  toward  the 
center  of  the  valley.  Through  it  Alder  Creek  canyon  extends  with  an 
unknown  depth.  The  same  appears  to  be  the  case  with  other  similar 
lateral  gorges.  At  various  other  points  in  the  broad  valleys  of  the  Upper 
Missouri  River  system  chance  excavations  show  a  like  extension  of  the 
slope  of  bed-rock  for  some  distance  out  from  the  niountains  toward  the 
streams.  None  of  these  sections  afford  any  clear  indication  of  the  depth 
of  the  central  trough,  but  in  all  of  the  instances  observed  the  rate  of  the 
decline  is  so  great  that  the  depth  in  the  middle  of  the  trough  must  be 
profound. 

The  above-noted  very  limited  observations  as  to  the  under  form  of  the 
Cordilleran  broad  valleys  are  of  themselves  clearly  insufficient  to  war- 
rant any  general  conclusions  as  to  the  existence  of  a  like  topography  in 
other  parts  of  the  region.  There  are,  however,  certain  groups  of  facts 
which  enable  us,  with  qualifications  to  be  noted,  to  extend  the  conclu- 
sions, with  varying  certainty,  over  the  whole  of  this  field.  First  let  us 
note  that  the  valleys  in  question,  though  the  walls  of  their  mountain 
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borders  are  remarkably  straight,  not  infrequently  have  outliers  which 
lie  a  little  way  removed  toward  the  centers  of  the  troughs.  These  are 
of  the  harder  rocks,  such  as  are  found  in  a  region  of  varied  structure. 
It  is  a  noticeable  fact  that  scarcely  any  of  these  isolated  masses  occur 
far  out  from  the  main  ranges.  Very  seldom  in  valleys  10  miles  in  width 
do  they  appear  at  more  than  a  mile  from  the  upper  margin  of  the  valley 
slopes.  Now,  it  may  be  assumed  that  in  any  normal  process  of  valley 
erosion  producing  basins  10  to  20  miles  in  width  there  must  have  been 
many  outlying  eminences  left  on  its  floor,  of  which  the  summits  would 
have  remained  at  a  relatively  great  height  above  the  bottom  of  the  ex- 
cavation. We  should,  for  instance,  in  vales  such  as  these  were  before 
they  were  in  large  part  filled,  expect  to  find,  even  near  their  central  parts, 
outlying  elevations  some  thousands  of  feet  in  height  above  the  level  of 
the  drainage  channel.  As  above  remarked,  except  along  the  margins  of 
these  wide  expanses,  we  do  not  find  any  trace  of  these  normal  remain- 
ders of  erosion  where  it  acts  on  rocks  of  diverse  resistance,  such  as  are 
found  in  almost  all  parts  of  the  region  we  are  considering.  These  topo- 
graphic outliers  may  be  seen  in  all  conditions  of  occlusion  by  the  valley 
beds,  from  the  state  in  which  the  rocks  connecting  them  with  the  main 
ranges  are  still  uncovered  to  that  where  only  the  very  tips  of  the  sum- 
mits break  the  surface  of  the  detrital  slopes.  Although  this  kind  of 
evidence  clearly  indicates  the  very  great  original  depth  of  these  valleys 
before  the  process  of  obstruction  began,  it  does  not  afford  any  sufficient 
basis  on  which  to  reckon  their  original  depth  in  terms  of  feet  or  even  in 
miles.  A  study  of  the  facts  in  the  field,  however,  brings  the  observer  to 
the  hypothesis  that  in  the  average  of  these  vales— as,  for  instance,  that 
of  the  Jefferson  or  Gallatin  river — the  amount  of  the  infilling  must 
amount  to  not  less  than  5,000  feet. 

The  evidence  goes  to  show  that  the  erosion  of  the  valleys  of  the  Rocky 
mountams  was  accomplished  with  excei)tional  rapidity.  This  is  well 
indicated  by  the  fact  that  the  remains  of  ancient  river  channels,  now 
filled  with  gravels,  lie  at  a  remarkable  height  above  the  present  levels 
of  the  main  streams.  Thus,  on  the  mountain  known  as  "  Old  Baldy," 
in  Madison  county,  Montana,  there  are  the  fragments  of  several  deep 
troughs,  which  were  originally  the  seat  of  large  mountain  torrents,  which 
are  filled  with  river  gravels  to  the  depth  of  over  200  feet.  These  gravels 
are  of  so  recent  an  aspect  that  they  have  been  mapped  on  the  United 
States  Geological  Survey  sheets  as  glacial  drift,  a  mistake  which  was 
most  natural  for  the  reason  that  it  is  only  recently  that  extensive  exca- 
vations, in  searching  for  placer  gold,  have  revealed  their  true  character. 
The  unmetamorphosed  condition  of  these  gravels  makes  it  seem  likely 
that  they  are  of  no  older  than  Tertiary  age ;  yet  since  they  were  deposited 
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the  Madison  and  the  Ruby  rivers,  at  the  base  of  the  mountain,  have  cut 
down  3,000  feet  to  the  present  level  of  these  streams,  and  also  for  the 
unknown  depth  of  the  troughs  that  lie  below  the  detritus  that  partly 
fills  the  valleys.  The  total  erosion  can  not  well  be  less  than  6,000  feet 
and  may  very  much  exceed  that  estimate,  yet  it  has  apparently  been 
accomplished  in  geologically  modern  times,  certainly  since  the  Cre- 
taceous period.  This  instance  of  high  lying,  apparently  recent  gravels 
is  but  one  of  many  that  could  b^  cited  from  the  region  about  the  head- 
waters of  the  Missouri.  They  occur  at  a  number  of  points  about  the 
Madison  river  and  elsewhere. 

Although  we  have  to  estimate  the  original  depth  of  the  valleys  as  sur- 
prisingly great,  the  estimate  does  not  have  to  go  so  far  as  it  would  if 
we  were  to  neglect  the  broad  shoulders  or  bed-rock  slopes  which,  we  have 
reason,  as  at  Butte,  to  suppose,  commonly  lie  beneath  the  lateral  parts 
of  the  detrital  accumulations.  If  we  should  suppose  the  declivities  of 
one  of  the  broader  of  these  troughs  to  be  carried  downward  as  contin- 
uous slopes  to  the  center  of  the  excavation,  we  would  have  to  reckon  an 
almost  impossibly  strong  topography.  On  this  basis  we  should  have 
valleys  equal  to,  if  not  exceeding,  any  now  existing  on  this  sphere.  As 
it  is,  we  cannot  well  escape  the  conclusion  that  some  of  these  vales  have 
the  sites  of  their  original  streams  below  the  level  of  the  sea ;  that  if  the 
debris  that  now  fills  them  were  removed  they  would  have  more  than 
twice  their  existing  depth. 

An  evident  objection  to  the  supposition  that  these  valleys  once  had  the 
great  depth  which  is  here  assigned  to  them  is  found  in  the  fact  that  the 
streams  which  drain  them  sometimes  pass  over  bed  rocks  at  a  level 
which  is  not  far  from  the  present  beds  of  the  streams  that  traverse 
them.  Thus  the  Missouri  at  Great  Falls  flows  on  the  bed  rock,  and  like 
conditions  may  be  found  elsewhere.  In  answer  to  this  objection  it 
may  be  said  that  these  valleys  are  evidently  very  ancient,  and  that  ex- 
tensive local  warpings  have  clearly  taken  place  since  they  were  formed. 
Moreover,  in  such  instances  as  that  of  the  falls  of  the  Missouri  it  is 
possible  that  the  stream  has  been  so  far  displaced  by  the  infilling  of  its 
original  channel  as  to  flow  at  some  distance  from  the  path  it  followed 
when  the  channels  were  excavated. 

Method  of  Infilling  of  tHE  broad  Valleys 

We  have  now  to  consider  the  conditions  which  have  led  to  the  depo- 
sition of  the  beds  that  have  so  far  occluded  the  greater  part  of  the  Cor- 
dilleran  valleys  within  the  limits  of  the  United  States.  Incidentally  we 
have  noted  that  these  accumulations  were  not  to  any  considerable  ex- 
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tent  formed  in  lakes.  There  are,  however,  various  possible  explanations 
of  the  infilling  action  which  need  to  be  examined.  In  approaching  the 
inquiry  it  is  well  to  see  clearly  that  the  main  question  is  as  to  the  ways 
in  which  the  detritus  swept  from  the  fields  of  erosion  in  the  mountain 
ranges  has  come  to  be  retained  in  the  valleys  near  its  sources,  or,  in 
other  words,  how  the  disturbance  in  the  normal  balance  between  the 
agents  which  serve  to  break  up  rock  materials  and  start  them  down- 
ward and  those  which  provide  for  their  distant  transportation  has  been 
disturbed.  It  is  evident  that  while  these  valleys  were  in  process  of  ex- 
cavation the  rivers  were  competent  to  carry  away  all  the  debris  that 
came  to  them,  and  that  for  a  long  time  they  have  been  unable  to  efifect 
this  work.    The  question  is  aA  to  what  has  brought  about  this  change. 

There  are  several  diverse  influences  which  may  serve  to  diminish  the 
capacity  of  streams  for  carrying  detritus  to  the  sea.  These  may  be 
stated  as  follows:  First,  the  mirface  over  which  they  flow  may  be  so  far 
lowered  that  the  grades  from  the  base  line  upward  may  be  too  slight  to 
give  the  rivers  the  speed  required  for  carrying  the  amount  of  debris  that 
is  brought  down  to  them  by  the  torrents ;  second,  by  a  differential  move- 
ment of  the  lands  the  valleys  may  be  so  tilted  that  their  outlets  are  dis- 
turbed and  their  exit  grades  diminished ;  third,  by  change  in  the  adjust- 
ments of  the  rainfall  and  of  the  atmospheric  decay  of  the  rocks,  which 
goes  far  to  determine  its  eroeive  value,  the  amount  of  material  brought 
down  from  the  heights  into  the  valleys  may  much  exceed  that  which 
the  streams  can  bear  away  to  the  lower  country  or  to  the  sea,  and  the 
state  of  this  eroded  material  may  be  such  that  it  is  not  readily  moved 
by  the  rivers. 

As  for  the  first  of  the  working  hypotheses  above  suggested,  it  may  be 
said  that  the  general  subsidence  of  the  Cordilleras,  or  possibly  a  rise  of 
the  sealevel,  or  both  movements  combined,  has  probably  brought  the 
bed-rock  floors  of  these  valleys  nearer  to  the  ocean  level  than  they  were 
when  the  process  of  excavation  was  completed.  Yet  these  troughs 
remain,  in  most  instances,  so  high  and  their  grades  are  so  steep,  as  com- 
pared with  others  which  have  not  become  occluded,  that  we  can  not 
regard  any  hypothesis  dependent  on  a  change  of  grade  as  in  itself  suf- 
ficient to  account  for  the  facts.  As  for  the  second  suggestion,  it  may 
again  be  said  that  it  demands  a  complicated  series  of  movements  in  the 
way  of  warping.  It  will  hereafter  be  noted  that  such  local  movements 
due  to  isostacy  have  probably  taken  place,  and  that  their  effect  has 
been  to  bring  the  bottoms  of  many  of  the  valleys  to  a  lower  level  than 
they  occupied  when  they  were  in  process  of  excavation ;  but  these  move- 
ments are  a  consequence  of  the  infilling  and  not  the  cause  of  that  ])ro- 
cess.     Though  they  helped  to  extend  the  work  after  it  was  otherwise 
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begun,  they  could  not  have  instituted  the  deposition.  We  have  now  to 
consider  the  third  of  these  possible  sources  of  the  change  in  conditions, 
as  we  shall  find  it  provides  a  more  adequate  explanation  than  the  others. 

As  is  well  known,  in  a  normal  river  valley  the  primary  agents  of  ero- 
sion deliver  to  the  streams  no  more  broken-up  rock  than  can  be  con- 
veyed by  the  torrents  to  the  lower  ground  and  sent  away  in  solution,  in 
suspension,  or  by  working  along  on  the  bottom  of  the  rivers.  On  the 
substantial  completion  of  this  transportative  process  the  access  of  the 
eroding  waters  to  the  bed  rocks  depends.  In  so  far  as  the  eroded  ma- 
terial halts  in  its  downward  course,  the  work  of  erosion  is  lessened  or 
arrested.  In  almost  all  valleys  there  are  local  and  temporary  stoppages 
of  the  debris,  each  of  which  diminishes  the  cutting  action  of  the  streams, 
but  these  halts  in  the  downward  course  of  the  waste  commonly  are  not 
long  enduring,  nor  do  they  more  than  qualify  and  lessen  the  erosive 
work.  If,  however,  from  any  cause,  the  amount  of  debris  sent  from  the 
heights  to  the  vales  is  greatly  increased  or  the  capacity  of  the  river  to 
bear  it  away  is  lessened,  then  the  valley  receives  more  detritus  thanc;in 
be  borne  away.  It  is,  indeed,  evident  that  in  most  river  valleys,  as  dis- 
tinguished from  the  channels  of  torrents,  the  amount  of  addition  of  de- 
tritus required  to  effect  the  change  from  degradation  to  aggradation  is 
but  small,  for  rivers  normally  are  so  adjusted  that  with  the  existing  slopes 
they  are  able  to  do  no  more  than  keep  their  channels  clear.  If  they  cut 
down  more  rapidly  than  the  summits  descend,  the  slopes  steepen  and 
the  quantity  of  debris  is  increased  ;  if  by  excess  in  the  supply  of  debris 
they  cut  more  slowly,  then  the  divides  become  lowered  more  rapidly  than 
the  stream  beds,  the  declivities  of  the  torrents  are  thereby  lessened,  and 
the  delivery  of  detritus  to  the  center  of  the  valley  goes  forward  with  le<> 
rapidity.  The  question  now  before  us  is  as  to  the  ways  in  which  this 
delicately  adjusted  state  of  a  normal  river  may  be  so  interfered  with  that 
it  can  no  longer  keep  its  way  free. 

The  most  immediate  cause  of  clogging  of  a  valley  is  to  be  found  in 
the  sudden  importation  of  waste  by  other  than  torrent  action.  Thus 
glaciers  or  landslides  may  sweep  detritus  from  the  high  country  and 
bring  about  the  embarrassment  of  drainage  which  is  noted  in  the  New 
P]ngland  district  and  elsewhere.  Again,  showers  of  volcanic  ash  or  more 
locally  kiva  flows  may  fill  the  trough  to  a  great  depth.  In  the  field  we 
are  considering  glacial  action  has  had  no  significant  part  in  the  accumu- 
lation of  debris  in  the  valleys  except  it  may  be  in  certain  limited  fields, 
as  in  central  Colorado.  On  the  other  hand,  the  outbreaks  of  volcanic 
materials  have  undoubtedly  done  much  in  the  way  of  accumulating 
materials  which  the  streams  were  unable  to  remove.  Where  the  igneou.^ 
matter  is  in  the  form  of  lava  the  blocking  of  the  valley  may  be  so  com- 
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plete  that  the  stream  is  forced  into  other  channels.  When  the  ejections 
are  as  ash  the  embarrassment  of  the  drainage  may  be  more  extended  and 
nearly  as  complete,  for  the  reason  that  the  dust,  though  spread  over  a 
wide  area,  is  likely  to  be  rapidly  swept  away  to  the  low  ground  by  the 
rain  in  such  quantities  that  wlien  cemented  in  the  form  of  tuff  the  rivers 
can  not  bear  it  away.  Where  a  region  is  the  seat  of  extensive  and  long- 
continued  volcanic  activity  the  original  topography  may  become  en- 
tirely hidden,  as  is  the  case  in  the  great  area  of  the  Columbia  River  ash 
and  lava  fields,  so  that  a  new  drainage  system  has  to  be  developed. 

Although  in  certain  parts  of  the  Cordilleran  district  volcanic  ejections 
of  ash  or  lava  may  have  had  a  considerable  share  in  forming  the  ac- 
cumulations of  the  ordinary  broad  valleys,  the  evidence  goes  to  show 
that  they  have  not  been  the  principal  agent  in  this  work.  The  fact  that 
the  ash  deposits  at  Alder  gulch  lie  in  a  channel  cut  through  the  slopes 
by  a  mountain  torrent,  and  that  they  do  not  extend  under  the  ordinary 
detritus  of  those  slopes,  indicates  that  the  only  accumulation  of  fragment- 
ary volcanic  matter  of  which  I  have  been  able  to  trace  the  history  came 
too  late  to  have  had  any  decided  effect  on  the  filling  process.  Moreover, 
very  many  sections,  though  none  of  them  except  those  near  Butte  are 
of  any  great  depth,  go  to  show  that  the  mass  of  the  detrital  slopes  are  of 
ordinary  water- worn  detritus.  We  may  therefore  consider  volcanic  waste 
as  an  element  other  than  controlling  in  the  process  of  deposition,  and 
we  are  forced  to  seek  the  principal  factor  in  changes  in  the  quantity 
and  distributiop  of  rainfall. 

So  far  as  I  have  been  able  to  find  the  normal  mountain  valleys  of  the 
world,  those  in  which  the  streams  which  are  still  excavating  their  beds 
appear  to  be  generally  limited  to  those  areas  in  which  the  rainfall  is 
considerable  and  rather  uniformly  distributed,  while  the  broad  type, 
such  as  we  are  considering,  is  common  in  regions  where  the  precipita- 
tion is  scanty  and  irregular,  where  it  takes  on  the  character  common  in 
partly  arid  countries  of  torrential  rains  so  local  and  violent  as  to  receive 
the  name  of '*  cloud-bursts.''  There  are  many  reasons  why  the  differ- 
ence in  the  quantity  and  order  of  the  precipitation  should  produce  a  wide 
diversity  in  the  amount  of  debris  brought  down  by  mountain  torrents 
into  a  valley.  As  this  matter  has  not,  so  far  as  I  have  learned,  been  set 
forth,  I  shall  give  it  a  somewhat  extended  presentation. 

First  let  us  note  that  the  degradation  of  a  mountainous  country  is 
likely  to  be  hindered  by  a  thick  coating  of  vegetation,  for  such  a  cover- 
ing tends  to  prevent  the  access  of  frost.  Moreover,  the  joints  and  other 
interstices  of  the  rocks  are  kept  continually  full  of  water,  and  thps  in 
part  protect  it  from  the  access  of  air,  while  in  arid  conditions  they  are 
filled  by  the  occasional  rains,  and  as  the  water-table  sinks,  as  it  may  do 
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to  the  extent  of  a  hundred  feet  or  more,  the  air  is  drawn  down  after  it. 
The  most  important  effect  of  the  coating  of  vegetation  is  in  protecting; 
the  surface  from  temporary  torrents.  An  ordinarily  firm  mat  of  roots, 
even  those  of  the  grasses,  will  usually  defend  the  earth  from  the  heaviest 
streams  that  flow  over  it  during  the  brief  period  when  it  is  called  on  to 
withstand  such  an  attack,  while  if  not  thus  protected  the  earth  would 
be  excavated  to  the  depth  of  several  feet;  furthermore,  even  whereby 
chance  a  torrential  rain  manages  to  sweep  a  part  of  the  protecting  plants 
away,  their  debris  is  pretty  certain  to  so  ftir  embarrass  the  work  of  the 
torrent  that  its  load  of  detritus  is  likely  to  be  in  large  part  arrested  on 
the  way  to  the  main  river.  It  is,  indeed,  safe  to  say  that  the  erosive 
effect  of  a  given  amount  of  water  descending  a  torrent-making  slope 
diminishes  in  a  very  rapid  ratio  with  the  increase  in  the  thickness  of  the 
mat  of  vegetation.  A  virgin  forest  of  the  Appalachian  type  will,  if  its  bed 
be  fairly  dry,  detain  a  rainfall  of  as  much  as  3  inches  falling  in,  say,  one 
hour,  and  distribute  tlie  discharge  over  a  day  or  more..  Even  the  pre- 
cipitation of  the  heaviest  "  cloud-burst "  of  the  Cordilleras  would  be  so 
far  hindered  in  its  downward  movement  that  it  would  have  little  de- 
structive effect. 

Where,  as  in  nearly  all  parts  of  our  Cordilleras,  local  rainfalls  not  in- 
frequently occur  to  an  amount  of  several  inches  an  hour  the  scanty 
vegetation  that  prevails  in  that  area  is  incompetent,  in  any  large  meas- 
ure, to  restrain  erosion.  The  result  is  that  a  sheet  of  water  sweeps  down 
the  steeps  with  such  volume  and  speed  that  the  loose  material  up  to 
fragments  a  foot  or  more  in  diameter  are  swept  into  the  torrent  channels 
or,  if  the  discharge  be  into  a  broad  valley,  far  out  on  its  slopes.  I  have 
never  had  an  opportunity  to  observe  a  good  example  of  these  interest- 
ing floods,  but  from  the  accounts  I  have  had  of  them  from  trustworthy 
observers  and  from  an  examination  of  their  effects  I  am  satisfied  that 
the  amount  of  debris  which  is  by  their  action  discharged  into  the  broad 
valleys  is  very  great,  and  that  the  process  is  one  that  has  hardly  any 
likeness  in  regions  of  considerable  and  uniform  rainfall. 

Although  the  contribution  of  debris  to  the  detrital  slopes  of  the  val- 
leys, as  may  be  readily  seen  in  the  field,  comes  to  them  in  part  directly 
from  the  action  of  torrential  rains,  carrying  the*  debris  out  onto  their 
surfaces,  the  larger  portion  of  the  eroded  material  is  delivered  by  way 
of  the  permanent  torrent  channels  and  disposed  as  detrital  fans  at  their 
mouths.  If  the  points  of  discharge  of  these  torrents  were  permanently 
fixed,  the  debris  thus  brought  into  the  main  valleys  would  be  heaped 
into  a  series  of  these  fans,  while  in  the  spaces  between  the  gulches  there 
would  be  only  the  waste  brought  down  from  the  steeps  that  face  the 
valley — debris  which  did  not  pass  through  the  torrent  channels.     In 
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fact,  however,  there  is  no  such  localized  arrangement  traceable.  The 
detrital  slopes  have  a  remarkably  even  and  continuous  upper  limit  next 
the  erosion  faces,  though  they  are  commonly  higher  between  the  torrent 
mouths  than  elsewhere.  This  peculiarity  is  probably  due  to  the  fact 
that  the  positions  of  the  mouths  of  the  torrents  are  evidently  liable  to 
frequent  changes,  and  that  in  the  geologic  periods  during  which  these  val- 
ley deposits  have  been  accumulating  this  constant  alteration  would  tend 
to  effect  an  even  distribution  of  the  material  brought  down  by  the  trib- 
utary streams. 

The  changes  in  the  positions  of  the  torrents  are  brought  about  in  sev- 
eral different  ways.  Thus  the  process  known  as  the  robbing  of  one 
drainage  basin  by  another  is  of  very  frequent  occurrence  in  this  re- 
gion. Instances  of  it  may  be  noted  in  almost  any  area  that  is  atten- 
tively examined.  Again,  where,  as  in  most  mountainous  districts,  the 
strata  have  varied  inclinations,  the  channels  are  led  by  the  attitudes  of 
the  beds  to  change  their  positions  as  they  work  downward.  Yet,  fur- 
ther, the  heaping  up  of  debris  in  the  center  of  a  detrital  fan  tends  to 
divert  the  streams  to  the  margins  of  the  steep  delta,  so  that  the  range  of 
the  deposition  is  greatly  extended.  Moreover,  the  various  tiltings  to 
which  the  several  areas  have  been  subjected  have  doubtless  served  to 
change  the  course  of  these  streams  and  the  accumulation  of  their  dis- 
charge. All  these  influences  and  probably  others  not  yet  discovered 
have  served  to  bring  about  in  course  of  time  a  tolerably  even  distribu- 
tion of  the  materials  brought  down  by  the  steep  graded  streams  into 
the  broad  valleys. 

Turning  now  to  the  main  rivers  wliich  dram  the  valleys,  let  us  con- 
sider what  are  the  conditions  of  their  action  during  the  period  when  the 
greater  part  of  the  precipitation  is  in  torrential  rains.  As  it  is  charac- 
teristic of  these  rains  to  be  very  local,  they  often  being  limited  to  a  few 
square  miles  of  area,  the  amount  of  water  they  send  into  the  rivers  is 
too  small  to  have  much  effect  upon  their  volume  or  speed.  Moreover, 
for  the  reason  that  the  detrital  materials  of  the  valley  are  very  open  in 
structure  they  quickly  absorb  much  of  the  flood,  so  that  the  reinforcement 
of  the  main  stream  is  apt  to  be  slight,  while  the  water  which  comes  to  it  is 
heavily  charged  with  debris  too  coarse  for  the  slower  movement  to  bear 
away.  The  result  of  these  conditions  is  that  the  streams  in  the  center 
of  the  broad  valleys  tend  to  aggrade  their  channels,  while  in  normal 
rivers  the  contributions  of  detritus  brought  to  them  by  torrents  come  so 
slowly  to  their  beds  that  the  materials  have  a  chance  to  decay  and  break 
up  to  a  state  where  they  are  readily  transported  in  solution,  in  suspen- 
sion, or  by  being  rolled  along  the  bottoms.  In  these  abnormal  streams 
the  excessive  discharge  from  the  torrents  cannot  be  thus  removed.    As 
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soon  as  a  river  ceases  to  cut  downward  and  begins  to  aggrade  it  passes . 
a  critical  point  in  its  history  and  begins  at  once  rapidly  to  lose  its 
capacity  to  deal  with  the  obstructive  matter  that  comes  to  it.    In  pro- 
portion as  the  bed  rises,  the  rate  of  flow  must  diminish,  with  a  conse- 
quent and  rapid  loss  of  capacity  to  erode  or  carry  debris. 

The  degree  of  the  obstruction  of  the  channel  of  the  main  stream  due 
to  the  causes  above  mentioned  depends  on  the  distance  of  the  point 
where  ita  tributaries  emerge  from  the  mountains  into  its  valley.  Where, 
as  in  the  case  of  Alder  creek,  Madison  county,  Montana,  the  detrital  fan 
is  about  4  miles  in  length,  the  greater  part  of  the  coarse  debris  is  in  the 
existing  regimen  of  tlie  stream  deposited  on  the  slope,  but  little  of  it 
entering  Ruby  river.  In  the  lower  part  of  its  course  the  creek  has  a  fall 
of  little  less  than  20  feet  to*  the  mile,  and  in  its  original  condition  it 
found  a  devious  and  much  obstructed  way  through  a  dense  growth  of 
shrubby  vegetation.  It  happens,  however,  that  whenever  a  valley  is 
narrow,  as  it  commonly  is  at  the  point  where  its  stream  cuts  through  a 
range  of  mountains,  the  detrital  fans  are  steep,  and  the  discharge  of 
waste  into  the  channel  goes  on  rapidly.  In  this  case  the«effect  is  to  in- 
crease the  rate  of  shoaling  of  the  river  bed,  so  that  by  the  consequent 
diminution  of  the  current  a  deposit  of  coarse  detritus  is  laid  down  in  the 
stream  bed.  Occasionally  above  these  narrowed  parts  of  the  troughs 
there  occur  considerable  areas  of  swampy  land. 

The  obstruction  of  the  drainage  of  the  broad  valleys  is  in  some  measure 
efiected  by  the  action  of  the  wind  in  bearing  dust  from  the  more  arid 
parts  of  ihe  area  to  the  banks  of  the  streams.  It  may  be  here  briefly 
noted  that  this  dust  is  impounded  in  the  rank  vegetation  which  is  com- 
monly developed  as  a  selvage  along  the  banks  of  the  water-courses,  form- 
ing a  characteristic  loose  deposit.  In  the  course  of  the  frequent  changes 
in  the  position  of  the  channel  this  wind-borne  waste  is  apt  to  be  washed 
away,  but  it  adds  to  the  load  of  the  overburdened  stream  and  diminishes 
the  efficiency  of  its  work.  On  the  detrital  fans  this  accumulation  of  dust, 
partly  by  its  direct  obstructive  effect  and  partly  through  its  influence  in 
promoting  a  dense  growth  of  vegetation,  tends  to  force  the  torrents  into 
continued  wanderings  and  thus  to  a  wide  distribution  of  the  debris  which 
they  lay  down. 

On  the  basis  above  laid  down  we  are  led  to  construct  a  general  hy- 
pothesis as  to  the  condition  which  brought  about  the  present  aspect  of 
the  Cordilleran  broad  valleys.  First  we  have  to  suppose  an  ancient 
long; continued  period  of  normal  river  action  in  which  deep  valleys  of 
the  Alpine  type  were  formed.  Then  a  period,  or  rather  a  succession  of 
periods,  of  aridity  in  which  the  rivers  were  brought  into  the  abnormal 
state  where  they  could  not  remove  the  debris  which  the  torrents  conveyed 
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to  them.  Iq  this  state  the  channels  prooeeddd  to  fill  and  the  detrital 
slopes  to  climb  higher  upon  the  sides  of  the  mountains.  Wherever  by 
the  erosive  process  a  part  of  the  lower  slopes  of  the  ranges  came  to  have 
a  gentle  declivity  the  accumulating  debris  would  mantle  it  over;  where 
outlying  peaks  became  islanded  in  the  detrital  deposits  they  continued 
to  wear  down  until,  if  their  original  height  were  not  too  great,  the  slowly 
rising  surCeuse  would  overtop  them. 

It  is  evident  from  the  sections  seen  at  Butte  and  elsewhere  that  the 
mantle  of  detritus  lying  on  the  bed  rock  tends  to  preserve  that  rock  from 
further  decay.  This  is  brought  about  by  a  simple  process,  one  com- 
monly occurring  in  all  gravels  made  up  of  rocks  that  afford  soluble 
material,  such  as  iron  or  lime.  This  dissolved  matter  finds  its  way 
down  upon  the  bed  rock,  and  there  cements  the  lower  part  of  the  de- 
tritus into  a  hard  mass  which  is  impervious  to  water.  Whenever  we 
attain  this  contact  of  the  detritus  with  the  crystalline  rocks  we  find  this 
protecting  layer,  with  the  result  that  decay  does  not  seem  readily  to  occur 
beneath  it.  It  is  otherwise  with  the  materials  of  the  valley  deposits  be- 
tween the  uppersection,  which  is  prevailingly  very  dry,  and  the  cemented 
layer.  In  this  zone  the  process  of  decomposition  appears  to  be  tolerably 
rapid,  as  is  shown  by  the  considerable  discharge  in  the  seeping  springs 
that  appear  along  the  streams  when  the  water  is  commonly  m  uch  charged 
with  lime  and  iron. 

In  the  manner  above  noted  we  can  perhaps  account  for  the  peculiar 
shoulders  of  the  bed-rock  valleys  which,  apparently  in  a  somewhat  gen- 
eral way,  extend  from  the  margin  of  the  steep  gorges  to  the  foot  of  the 
exposed  portion  of  the  mountain  ranges.  The  process  of  occlusion  of  the 
narrow  steep-sided  central  part  of  the  valley  probably  would  go  forward 
with  such  rapidity  that  the  exposed  clifis  would  not  be  worn  down  so 
that  they  could  become  covered.  As  the  deposit  rose  higher  in  the  trough 
it  would  encounter  gradual  slopes  on  which  the  detrital  coating  would, 
even  where  thin,  preserve  the  bed  rocks  from  further  decay.  It  is  evi- 
dent that  with  a  slope  of  about  150  feet  in  the  mile  the  materials  of  the 
benches  are  commonly  able  to  keep  their  place  so  that  any  declivities  of 
less  inclination  would  be  protected.  In  this  way,  as  the  erosion  forced 
back  the  faces  of  the  mountains  the  valley  would  be  widened,  the  gain 
representing  the  advance  in  the  decay  of  the  mountain  fronts  down  to 
the  level  where  the  detrital  accumulations  began  to  protect  the  rocks. 

This  view  as  to  the  way  in  which  the  broad  valleys  widen  may  help 
us  to  understand  the  peculiarly  straight  walls  which  the  ranges  that 
border  them  present.  As  before  noted,  the  generally  rectilinear  aspect 
of  these  mountain  fronts  demands  explanation.  It  is,  indeed,  as  strik- 
ing an  element  as  is  the  width  of  those  vales.    The  feature  may  be  due, 
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at  least  in  part,  to  conditions  which  determine  the  advance  of  the  talus 
slopes.  Whenever  they  come  against  steep  rock  faces,  where  the  process 
of  erosion  is  likely  to  be  rapid,  the  talus  climbs  to  a  steeper  angle  because 
of  the  larger  supply  of  detritus.  It  thus  tends  the  sooner  to  mask  the 
elevation.  Where,  on  the  other  hand,  the  rock  slopes  are  gentle,  the  talus 
grows  less  rapidly  because  of  the  insufficient  supply  of  debris,  and  there- 
fore does  not  advance  so  rapidly  on  the  barrier.  Although  the  general 
aspect  of  these  slopes  when  seen  from  the  distance  is  that  of  uniformity 
as  regards  their  upper  margin,  closer  inspection  shows  that  they  vary 
considerably  in  that  regard,  the  range  in  some  of  the  valleys  being  near 
a  thousand  feet  of  elevation.  So  far  as  observed,  they  are  generally 
highest  against  the  more  precipitous  faces  of  the  mountains  at  whose 
feet  they  lie. 

The  measure  of  the  development  of  the  broad  valleys  will  on  careful 
study  probably  be  found  to  differ  much  in  the  several  areas  of  the  Cor- 
dilleras of  this  country.  There  appears  on  rough  inspection  to  be  a  dis- 
tinct increase  in  the  amount  of  the  aggradation  as  we  go  southward  from 
the  Canadian  line,  and  on  the  whole  a  decrease  in  the  amount  of  it  as 
the  region  is  nearer  to  the  Pacific  coast  and  to  the  Mississippi  valley. 
In  general,  the  ratio  of  the  infilling  seems  to  be  inversely  proportionate 
to  the  amount  of  the  rainfall  that  now  occurs  in  that  mountain  system. 
In  the  Montana  district  the  appearance  of  the  taluses,  their  occasionally 
eroded  surfaces,  and  what  can  be  seen  of  the  action  of  torrential  rains 
suggests  that  the  accumulation  of  detritus  is  not  going  oa  at  present 
with  any  great  speed,  if,  indeed,  it  is  not  replaced  by  erosion,  while  in 
Arizona  the  amount  of  debris  at  present  brought  down  by  the  flood 
waters  is  most  noteworthy.  Thus  in  the  valley  of  the  Williams  fork  of 
the  Colorado  a  flood  caused  by  torrential  rains  has  been  observed  to  cover 
an  area  of  many  thousand  acres  with  debris  to  the  depth  of  20  feet  or  more. 
On  the  eastern  face  of  the  Cordilleran  mountain  system  in  Colorado  the 
aspect  of  the  taluses  suggests  that  they  are  generally  in  process  of  de- 
struction. The  same  condition  is  indicated  in  the  belt  of  country  near 
the  Pacific  ocean. 

The  most  complete  effacement  of  the  original  valleys  appears  to  have 
taken  place  in  the  region  known  as  the  Mojave  desert.  Here  the  detrital 
slopes  have  risen  to  near  the  tops  of  the  ranges.  The  most  extensive 
benches  and  perhaps  the  broadest  of  the  valleys  I  have  examined  are  in 
the  basin  of  Hassayampa  river,  near  Congress  junction,  Arizona.  The 
least  development  of  the  infilling  process,  still  considerable,  is  the  val- 
leys of  northern  Montana.  It  has  been  before  noted  that  along  the  Pacific 
coast  the  amount  of  debris  impounded  in  the  valle3's  is  relatively  small. 

In  the  region  of  the  Great  basin  the  phenomena  of  ii^filling  are  more 
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or  less  obscured  by  lake  deposits.  Such  lacustrine  conditions,  though 
they  may  be  due  to  other  causes,  are  likely  to  be  brought  about  in  any 
of  these  valleys  by  the  irregular  subsidence  of  their  floors  under  the  in- 
fluence of  the  loads  that  are  brought  on  them. 

If  we  were  here  considering  in  a  general  way  the  effect  of  any  excess- 
ive discharge  of  sediments  into  a  river  system  in  the  manner  in  which 
it  has  taken  place  in  the  Cordilleran  district,  we  might  much  extend  the 
subject-matter  of  this  paper.  It  would  be  interesting  to  note  that  the 
result  of  the  filling  of  valleys  is  to  change  the  efiective  base  line  of  ero- 
sion of  all  the  streams  that  lead  down  to  them,  and  that  the  natural 
completion  of  the  process  is  the  development  of  an  extensive  broad  up- 
land with  shallow  valleys  where  there  was  originally  a  strong  mountain 
topography.  In  other  words,  a  kind  of  summit  leveling  action  is  then 
taking  the  place  of  the  usual  baseleveling  process.  To  this  condition  a 
large  part  of  the  Cordilleran  system  within  the  United  States  is  obviously 
tending. 

Although  in  the  absence  of  close  study  of  the  problem  these  impres- 
sions concerning  the  increase  or  decrease  of  the  talus  slopes  can  not  be 
considered  as  more  than  foundations  for  inquiry,  it  may  be  well  to  note 
on  what  they  depend.  Where  the  slopes  are  continuous  and  of  even 
surface,  with  no  new-made  channels,  particularly  when  they  gradually 
steepen  up  to  the  walls  of  the  mountain,  there  is  reason  to  believe  that, 
while  they  are  subjected  td  some  interstitral  decay,  they  are  not  sub- 
jected to  much  surface  erosion.  Where,  however,  the  crest  line  is  sharply^ 
irregular,  and  especially  where  extensive  areas  of  gently  sloping  bed  rock 
are  exposed,  it  is  a  legitimate  working  hypothesis  that  the  upper  edge  of 
the  talus  has  been  so  far  eroded  that  it  has  lost  a  part  of  its  height.  Here 
and  there  in  northern  Montana  low  foothills  occur  which  can  not  be  ac- 
counted for  by  the  structure  of  the  rocks,  but  seem  to  have  been  pro- 
duced by  the  lessening  in  the  height  of  the  taluses  and  the  consequent 
dissection  of  the  newly  exposed  bed  rock.  A  proper  determination  of 
this  question  as  to  the  growth  or  shrinkage  of  the  taluses  under  existing 
conditions  will  be  difficult  to  make. 

While  the  present  average  state  of  growth  or  decay  of  the  deposits  in 
the  broad  valleys  is  not  determinable,  there  appears  to  be  good  evidence 
that  there  has  been  at  least  one  period  of  the  past,  and  that  near  to  our 
day,  when  for  a  time  these  beds  were  in  process  of  rapid  wasting.  This 
is  shown  by  the  general  occurrence  of  many  wide  and  often  still  deep 
passages  through  the  slopes  where  the  torrents  cross  them.  These  exca- 
vations occur  in  all  the  broad  valleys  I  have  had  a  chance  to  examine. 
It  is  clear  that  they  have  not  been  formed  by  the  torrents  in  their  ex- 
isting volume,  for  they  have  no  fresh  scarps,  and  those  of  recent  date 
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have  usually  gentle  and  completely  adjusted  slopes.  Moreover,  in  all  the 
many  instances  I  have  inspected  the  torrent  is  now  engaged  in  construct- 
ing a  detrital  fan  within  the  valley  which  a  while  ago  it  was  excavating. 
Not  only  are  there  valleys  where  the  permanent  streams  intersect  the 
benches,  but  at  many  points  we  find  such  valleys  where  there  is  at  pres- 
ent no  effective  stream  at  work  at  any  season.  These  might  be  taken 
as  the  result  of  torrential  rains  but  for  the  fact  that  they  all  appear  to  be 
very  ancient.  Moreover,  they  seem  to  have  been  excavated  by  moderate, 
continuously  acting  streams  and  not  by  a  cataclysm.  A  part  of  the  evi- 
dence on  this  point  is  afibrded  by  the  fact  that  these  ancient  wadyg  are 
in  all  the  regions  abounding  in  alluvial  gold,  the  seat  of  local  placers, 
the  metal  being  in  winnable  quantity  because  it  is  a  concentration  from 
the  general  mass  of  the  talus  deposits.  The  distribution  of  this  gold  in 
the  toady,  where  it  occurs  in  benches  of  rearranged  gravel,  shows  that 
these  now  dry  valleys  have  had  an  ordinary  stream  history. 

The  duration  of  this  last  period  of  more  abundant  rainfall  must  have 
been  considerable,  for  the  erosive  work  done  on  the  taluses  was  evidently 
great.  The  p^orges  formed  by  the  main  torrents  were,  in  many  instances, 
a  mile  or  more  wide  and  from  1  to  300  feet  in  depth,  though  they  have 
since  been  to  a  great  extent  refilled  during  the  later  now  existing  stage 
of  accumulation.  They  generally  remain  very  distinct  features.  At  the 
present  rate  of  growth  of  the  detrital  fans,  it  would  require  a  geologically 
long  time  for  the  replacement  •  of  the  debris  which  was  removed  from 
these  cross -valleys.  It  appears  likely  that  this  channeling  of  the  valley 
deposits  which  is  shown  where  the  torrents  cross  the  slopes  continued 
down  to  the  centers  of  the  troughs  of  the  rivers,  so  that  the  drainage 
flowed  in  canyon-like  gorges  of  considerable  depth.  Although  these 
canyons  cut  in  the  debris  ^re  in  process  of  refilling  and  are  sometimes 
almost  occluded,  they  can  often  be  traced  by  the  slight  escarpments 
which  show  where  their  margins  lay.  Such  sections  as  have  been  dis- 
closed of  the  beds  which  have  been  laid  down  in  these  ancient  water- 
ways show  relatively  fine,  worn  debris  differing  in  texture  from  that 
which  makes  up  the  slopes  on  either  side  of  the  river. 

So  far  as  the  evidence  goes,  it  is  to  the  effect  that  this  period  of  in- 
creased rainfall  and  consequent  reinstitution  of  erosion  in  part  coincided 
with  the  last  development  of  glaciers  in  this  region.  It  appears  to  have 
continued  after  the  retreat  of  the  local  ice-streams  from  the  valleys,  as 
is  shown  by  the  fact  that  the  morainal  fields  are  incised  by  channels 
which  are  no  longer  the  seat  of  cutting  streams.  It  may  also  have  some- 
what preceded  the  development  of  those  ice-fields,  as  is  occasionally 
shown  by  the  semblance  of  such  dead  valleys  partly  covered  by  drift 
materials.     It  is  not  easy  to  make  observations  of  value  as  to  this  ques- 
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tion,  for  the  reason  that  at  only  a  few  points  have  I  been  able  to  find 
inorainal  deposits  lying  upon  the  talus  slopes  in  positions  where  the  his- 
tory of  channels  due  to  increased  rainfall  can  be  traced.  The  best  of 
those  lie  on  the  west  side  of  the  JeflFerson  river,  between  Whitehall  and 
Twin  Bridges,  Montana.  Although  the  evidence  is  not  as  complete  as 
might  be  desired,  it  seems  to  be  fairly  conclusive  as  to  an  increased  pre- 
cipitation before  and  after  the  Glacial  period,  though  the  amount  thereof 
is  not  determinable. 

The  relation  of  the  glacial  deposits  to  the  materials  which  fill  the 
broad  valleys  clearly  establishes  the  fact  that  the  valleys  were  in  sub. 
stantially  their  present  state  before  the  advent  of  the  ice-streams.  The 
changes  which  have  taken  place  in  post-Glacial  time  have  been  very 
slight.  Certainly  not  the  hundredth  part,  and  probably  not  the  thou- 
sandth part,  of  the  detritus  borne  in  from  the  hills  has  been  laid  down 
since  the  close  of  that  humid  period  in  which  the  principal  work  of  ex- 
cavation was  done.  If,  then,  we  allow  a  duration  of  100,000  years  to 
have  elapsed  since  the  departure  of  the  glaciers  from  the  valleys  and  the 
reestablishment  of  the  arid  conditions  as  they  now  exist — in  my  opin- 
ion, far  too  short  a  time — and  suppose  that  the  process  of  infilling  has 
of  late  been  of  average  rapidity,  we  are  led  to  conjecture  that  some  million 
years  have  elapsed  since  the  work  began.  As  to  the  time  when  the  change 
from  normal  to  abnormal  stream-work  occurred,  we  have  as  yet  no  trust- 
worthy evidence,  nor  do  we  know  that  it  took  place  coincidently  in  all 
parts  of  the  region.  While  by  no  means  conclusive,  the  evidence  in 
general  points  to  the  conclusion  that  the  excavation  of  these  vast  basins, 
as  well  as  the  process  of  their  refilling,  has  been  substantially  accom- 
plished in  the  periods  since  the  Cretaceous. 

It  may  be  incidentally  noted  that  the  effect  of  the  temporary  humid 
climate  during  the  Glacial  episode  appears  to  be  marked  in  the  condi- 
tions of  the  vegetation  of  this  region.  In  certain  regards  the  plants, 
particularly  the  trees,  exhibit  a  lack  of  adjustment  to  the  state  of  the 
soil  such  as  they  now  have  to  meet.  The  natural  way  by  which  plants 
adapt  themselves  to  arid  conditions  is  by  sending  tap  roots  downward 
to  the  water  level,  as  in  the  case  of  the  '*  beach  grass,"  Carez  arenaria^ 
which  often  sends  down  such  roots  to  the  depth  of  from  10  to  20  feet 
below  the  surface.  Other  instances  may  be  found  in  the  many  tap-root 
trees.  It  is  a  noticeable  fact  these  accommodations  to  arid  conditions 
appear  to  be  generally  lacking  in  the  Cordilleran  vegetation.  It  may 
well  be  supposed  that  during  the  last  humid  epoch,  which  may  be  pre- 
sumably reckoned  as  equivalent  to  the  latest  Glacial  period  of  the  north- 
em  hemisphere,  this  region  lost  the  species  which  had  previously  been 
adapted  to  dry  conditions,  and  that  since  the  aridity  was  reestablished 
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there  has  not  been  sufficient  time  for  the  differentiation  of  new  species 
adapted  to  the  environment. 

If  the  presumption  just  above  noted  as  to  the  age  of  the  broad  valleys 
be  affirmed  it  will  serve  to  throw  much  light  on  the  duration  of  the 
Cenozoic  age.  The  tendency  of  geologists  has,  in  my  opinion,  been  to 
under- reckon  this  section  of  time.  It  is  generally  computed,  from  the 
thickness  of  the  sediments  and  other  evidences,  as  far  less  long  than  the 
Paleozoic  or  even  the  Mesozoic  ages.  I  have  elsewhere*  undertaken  to 
show  that  the  geological  results  of  that  age  must  have  required  many 
million  years  for  their  development.  If  the  further  study  of  the  Cordil- 
leran  valleys  bear  out  the  preliminary  judgment  above  set  forth  we  shall 
have  yet  stronger  reasons  for  revising  our  conceptions  concerning  the 
duration  of  the  last  great  geologic  age. 

Effects  of  Deposition 

There  are  certain  secondary  effects  arising  from  the  infilling  of  the 
broad  valleys  which  deserve  attention.  In  the  first  place  we  note  that 
the  transfer  of  a  vast  body  of  debris  from  the  mountain  ranges  to  the 
center  of  the  troughs  must  naturally  have  led  to  the  subsidence  of  the 
bases  on  which  the  weight  was  imposed  and  a  corresponding  rise  in  the 
areas  whence  the  materials  were  deported.  If  we  reckon  the  average 
depth  of  the  detrital  materials  laid  down  in  these  valleys  at  3,000  feet, 
then  the  consequent  subsidence  should  be  some  large  portion  of  that 
amount.  In  all  probability  the  deposits  of  the  greater  vales  much  ex- 
ceed the  amount  here  assumed.  In  proportion  to  the  subsidence,  but 
probably  somewhat  less  in  amount,  there  would  be  a  rise  in  the  areas 
of  erosion — that  ig,  the  bordering  mountain  ranges.  The  axis  or  neutral 
point  of  this  movement  would  naturally  lie  near  the  junction  of  the 
valley  deposits  with  the  high  country.  Its  position  would  be  unstable, 
as  it  would  tend  to  become  extended  farther  and  farther  from  the  cen- 
tral line  of  the  depression  as  those  deposits  encroached  upon  the  steeps. 
Assuming  that  this  effect  arising  from  the  isostatic  action  occurred— 
that  it  in  some  measure  occurred  is  almost  a  necessary  supposition^ 
there  are  several  interesting  consequences  that  require  consideration.  In 
the  first  place  we  shall  be  able  thereby  to  account  for  the  great  depth 
of  these  valleys  without  having  to  suppose  that  continuously  inclined 
drainage  channels  cut  in  the  bed  rocks  still  exist.  There  is,  indeed,  no 
reason  why  the  floors  of  the  troughs  may  not  have  been  borne  down  for 

*  Report  on  the  Geology  of  the  Cape  Cod  District.    Ann.   tiept.  Director  U.  S.  Qeol.  Surrey, 
1 89C-'97,  p.  688. 
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thousands  of  feet  below  the  level  at  which  the  waters  which  excavated 
them  were  of  old  discharged  into  the  sea  or  into  the  greater  rivers. 

The  hypothesis  of  isostatic  movement  may  serve  in  part,  at  least,  to 
explain  the  often  wall-like  character  of  the  mountains  that  face  these 
valleys.  As  has  already  been  noted,  this  aspect  of  these  vales  is  so  strik- 
ing that  it  demands  an  explanation.  If  we  assume  a  continued  settling 
of  the  floors  of  the  valleys,  accompanied  by  an  upward  movement  of  the 
neighboring  ridges,  we  may  well  imagine  that  we  would  have  much 
faulting  about  the  changing  axial  line.  In  other  words,  each  of  these 
valleys  would  be  the  seats  of  more  or  less  considerable  step  faults,  the 
whole  forming  a  complicated  "  graben  "  like  basin.  There  are  not  lack- 
ing instances  of  a  like  structure  in  basins  which  have  been  deeply  filled 
with  sediments.  Thus  on  the  eastern  coast  of  the  United  States  we  hiave 
in  the  Richmond  basin  what  seems  a  similar  instance  of  a  valley  step 
faulted  under  a  heavy  burden.*  The  Narragansett  basin,  in  Rhode 
Island  and  Massachusetts,  is  a  similar  instance  of  a  basin  that  appears 
to  have  been  downborne  by  the  weight  of  sediments  imposed  upon  its 
floor.  It  is,  indeed,  likely  that  this  downbending  of  loaded  troughs  is 
a  common  feature. 

It  is  to  be  noted  that  in  the  filled  basins  of  the  James  river  and  the 
Narragansett  districts  of  the  Atlantic  coast,  the  former  oU  Triassic  and 
the  latter  of  Carboniferous  time,  we  have  the  same  abundant  devel- 
opments of  arkose  deposits  that  we  find  in  the  broad  valleys  of  the 
Cordilleras.  These  facts  suggest  the  hypothesis  that  the  process  of  occlu- 
sion of  valleys  in  the  manner  indicated  in  the  troughs  we  are  consider- 
ing may  be  sufficiently  common  to  be  regarded  as  of  general  importance. 
The  fact  that  in  the  eastern  basins  there  are  occasional  coalbeds  in  certain 
parts  of  the  section  may  mean  no  more  than  the  temporary  occurrence 
of  humid  epochs,  such  as  that  which  has  just  passed  away  in  the  western 
part  of  the  country. 

It  is  evident  that  in  case  it  should  be  found  that  deposits  of  the  broad 
valleys  have  in  a  way  determined  the  development  of  the  orogenic  move- 
ments of  the  region  in  which  they  lie,  very  interesting  light  would  thereby 
be  thrown  on  the  history  of  the  mountain-building  in  the  Cordilleran 
and  other  regions  of  like  conditions.  At  present,  however,  the  value  of 
the  hypothesis  is  not  proved,  so  that  it  does  not  merit  further  discussion. 

There  is  a  peculiar  feature  in  the  recent  volcanic  activity  of  the  Rocky 
mountains  of  which  we  may  possibly  find  an  explanation  through  the 
action  of  the  valley  deposits.  This  is  the  occurrence  of  eruptions  at 
various  points  at  a  time  when  the  sites  of  these  outbreaks  were  remote 


*See  Ann.  Rept.  Director  U.  S.  Oeol.  Survey,  I897-*98,  p.  401. 
XLII— Bull.  Gsol.  Soo.  Am.,  Vol.  12,  1900 
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from  the  rea.  It  is  a  well  known  fact  that  no  such  explosions  have  been 
noted  in  the  historic  period  at  a  greater  distance*  than  about  250  miles 
from  the  ocean ;  yet  many  of  the  eruptions  in  the  Cordilleran  district 
which  have  recently  occurred  are  several  times  as  far  from  the  coast. 
The  only  apparent  reason  for  the  limitation  of  volcanoes  to  the  sea- 
floors  or  to  the  margins  of  the  lands  is  that  the  development  of  the  ten- 
sion, principally  of  steam,  that  brings  about  eruptions  is  caused  by  the 
rise  of  temperature  in  rocks  due  to  the  non-conducting  effect  of  strata 
which  have  been  laid  down  on  the  sea-floors.  Accepting  this  explana- 
tion, it  appears  not  unlikely  that  the  outbreaks  which  have  taken  place 
in  the  region  we  are  considering  may  have  been  caused  by  the  great  de- 
posits which  have  been  accumulated  over  the  wide  area  of  the  broad  val- 
leyi^.  It  is  true  that  the  rise  in  temperature  would  not  in  general  exceed 
one  degree  Fahrenheit  for  each  50  feet  of  beds  laid  down,  and  that  a 
depth  of  10,000  feet  would  probably  effect  no  more  increase  in  the  base- 
ment of  the  section  than  200  degrees  Fahrenheit ;  yet  such  again  in  heat 
might  at  a  depth  in  the  crust  when  the  tensions  were  already  near  the 
critical  part  of  an  explosion  be  efficient  in  bringing  it  about.  Moreover, 
as  is  indicated  by  the  hot  springs  in  this  region,  there  are  evidently  many 
large  areas  where  the  temperatures  at  no  great  depth  are  high,  a  condi- 
tion due  perhaps  to  ancient  volcanic  pipes  or  great  dikes  or  sheets  of  lava 
which  are  still  very  hot.  In  case  these  were  deeply  covered  with  sedi- 
ments the  rate  of  rise  of  the  isogeo thermal  planes  would  be  much  more 
rapid  than  would  ordinary  conditions,  and  an  explosive  tension  would 
be  more  readily  attained. 

It  may  be  asked  why  the  eruptions  from  the  interior  districts  of  the 
Cordilleras  have  apparently  now  ceased,  while  they  were  evidently  of 
frequent  occurrence  in  the  later  Tertiary  and  perhaps  in  the  early  Cre- 
taceous periods.  The  answer  may  be  found  in  the  fact  that  the  process 
of  deposition  in  the  broad  valleys  was  evidently  arrested  during  the 
humid  period,  of  which  the  local  glaciation  of  the  region  was  an  inci- 
dent, and  that  for  some  time  and  in  a  considerable  measure  it  was  re- 
placed by  erosion.  The  further  deposition  now  going  on  has  evidently 
not  been  sufficient  to  restore  to  these  valleys  what  was  removed  during 
that  time  of  more  abundant  rainfall.  The  only  sufficient  verification  of 
the  hypothesis  that  these  inland  volcanoes  owed  their  origin  to  local 
deposition  will  be  had  in  an  examination  of  other  countries  where  like 
deeply  tilled  broad  valleys  exist.  I  have  essayed  this  through  records, 
but  these  are  so  imperfect  that  they  have  not  proved  serviceable. 

Some  of  the  apparently  modern  eruptions  of  the  Cordilleran  region 
appear  to  negative  this  hypothesis,  as,  for  instance,  those  which  have 
occurred  in  the  Colorado  canyon.     I  have  not  been  able  to  examine 
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these  seeming  exceptions  sufficiently  to  determine  whether  they  render 
the  view  above  suggested  untenable. 

Exceptional  Valleys 

It  has  been  incidentally  noted  that  in  certain  parts  of  the  Cordilleras 
valleys  occur  which  clearly  indicate  a  different  adjustment  of  the  condi- 
tions of  erosion  from  those  long  prevailing  in  the  characteristic  refilled 
broad  valleys.  So  far  as  I  have  been  able  to  examine  these  exceptions 
they  appear  to  be  accounted  for  by  peculiarities  of  situation  or  by  ex- 
ceptional movements  of  the  underlying  earth.  The  diminution  in  the 
amount  of  infilling  after  the  periods  of  great  erosion  on  the  Pacific  coast 
is  explicable  from  the  fact  that  these  valleys  near  the  ocean  have  never 
had  their  streams  so  far  reduced  in  flow  as  to  bring  about  any  large 
amount  of  aggradation.  There  are,  however,  two  districts  where  the 
process  of  infilling  is  absent  or  noticeably  l^ss  than  might  be  expected 
if  the  hypotheses  here  advanced  to  account  for  the  broad  valleys  were 
true.  These  are  the  sections  traversed  by  the  canyon  of  the  Colorado 
and  that  on  the  eastern  face  of  the  Cordilleras  from  central  New  Mexico 
to  the  Canadian  line.  The  reasons  for  these  exceptions  may  perhaps  be 
found  in  certain  geographical  accidents  that  are  noted  below. 

As  for  the  Colorado  river,  it  is  well  known  that,  while  it  traverses  one 
of  the  most  arid  portions  of  the  Cordilleran  region,  it  derives  its  water 
from  the  snows  of  the  high  mountains  on  the  eastern  side  of  the  Rocky 
mountains,  where  for  ages  the  precipitation  must  have  been  consider- 
able. Cutting  as  it  does  through  a  region  which  clearly  has  long  been 
characterized  by  a  very  scanty  rainfall  and  where  there  has  been  an  ex- 
tensive upward  movement  of  the  rocks,  it  has  formed  and  kept  open  a 
deep  valley.  Although  the  sides  of  this  trench  have  been  much  inter- 
sected  by  tributaries,  the  amount  of  debris  which  they  have  brought 
down  has  not  been  greater  than  the  vigorous  river  has  been  able  to  take 
away.  The  result  is  a  valley  in  which  the  stream  has  been  able  in  the 
main  to  retain  its  place  on  the  bed  rock.  As  these  conditions  of  the 
Colorado  river  are  rather  exceptional,  and  as  they  appear  to  account  for 
the  lack  of  aggradation  we  find  there,  we  may  therefore  reasonably 
conclude  that  the  features  of  this  valley  do  not  militate  against  the 
hypothesis. 

As  elsewhere  noted,  the  eastern  face  of  the  Cordilleran  district  affords 
evidence  that  goes  to  show  a  recent  augmentation  of  rainfall  beyond  any 
increase  that  is  indicated  in  the  cientral  region.  This  is  most  evident  in* 
the  southern  portion  of  this  district,  as  in  southern  Colorado  and  New 
Mexico.  In  that  area  we  have  fairly  broad  valleys  which  often  exhibit 
the  form  of  the  bed  rock  cut,  which  has  been  described  as  existing  be- 
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neath  the  alluvial  deposits  of  the  Silver  Bow  river  at  Butte,  Montana. 
They  have  wide  bottoms,  declining  gently  from  the  base  of  the  borde^ 
ing  ranges  to  near  the  center  of  the  trough,  and  then  a  sharp  canyon- 
like gorge  descending  to  the  ancient  level  of  the  stream.  A  fair  though 
small  example  of  these  structures  is  seen  in  canyon  Diablo,  on  the  Santa 
Fe  railway.  The  simplest  explanation  of  these  valleys  would  be  to  sup- 
pose that  after  they  were  broadened  out  in  adjustment  to  one  baselevel 
of  erosion  the  region  in  which  they  lie  had  been  elevated  or  tilted  so  as 
to  increase  the  cutting  power  of  the  streams.  There  are,  however,  several 
reasons  why  this  view  is  not  satisfactory.  In  the  first  place,  as  just  above 
noted,  the  shape  of  these  vales  is  identical  with  what  we  find  in  those  of 
the  more  arid  district  which  has  been  Riled  with  debris.  In  the  second 
place,  these  troughs  lie  too  far  above  the  sea  to  have  had  the  regimen  of 
their  streams  altered  by  any  such  change  in  its  level  as  has  recently 
occurred.  The  central  canyon  is  by  no  means  continuous  down  to  the 
coast  line,  as  should  be  the  case  if  its  existence  was  due  to  recently 
augmented  erosion  brought  about  by  a  change  of  level.  As  for  the  sug- 
gestion that  there  has  been  an  increase  of  erosion  due  to  tilting,  evidence 
to  show  such  movement  is  quite  lacking ;  there  is  no  such  contrast  in 
the  conditions  of  streams  flowing  in  diverse  directions  as  normally,  in- 
deed necessarily,  marks  a  drainage  system  which  has  been  thus  perturbed. 

Any  alteration  of  the  slopes  of  this  region  sufficient  to  have  produced 
the  reexcavation  of  these  valleys  would  be  indicated  by  a  general  dis- 
turbance of  drainage  such  as  has  evidently  not  occurred. 

Along  the  eastern  face  of  the  Rocky  mountains  there  are  several  fea- 
tures which  deserve  notice,  for  the  reason  that  they  appear  to  throw 
some  doubt  upon  the  hypothesis  that  the  long  continuance  of  an  arid 
climate  will  account  for  the  refilling  of  valleys  excavated  during  humid 
periods.  First  of  these  is  the  deep  canyon  valley  of  the  upper  Arkansas 
river.  This  gorge  is  on  some  accounts  more  puzzling  than  that  of  the 
Colorado,  for  the  reason  that  while  the  upper  part  of  the  trough  is  of 
normal  width  and  has  been  extensively  refilled,  the  canyon  section  is 
relatively  narrower  than  almost  any  other  formed  by  the  Cordilleran 
streams.  I  have  been  unable  to  determine  the  reason  for  this  peculiar 
feature.  It  may  be  due  to  some  recent  uplifting  of  the  section  in  which 
the  canyon  lies,  or  possibly,  though  not  probably,  to  a  difference  in  the 
rate  of  decay  of  the  rock  in  the  different  parts  of  the  valley.  It  should 
be  noted  that  this  stream,  like  the  Colorado,  is  fed  from  the  melting 
Bnows  of  a  high  country  where  the  rainfall  is  and  doubtless  has  long 
been  considerable.  The  fact  that  the  valley  above  the  gorge  was  the  seat 
of  extensive  glaciation  during  the  last  ice  epoch  clearly  indicates  that 
the  annual  precipitation  has  recently  been  much  greater  than  it  is  at 
present.  • 
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The  frequent  occurrence  of  foothills  at  the  base  of  the  main  ranges, 
both  on  the  eastern  face  and  in  the  valleys  of  this  section  of  the  Cordil- 
leras, is  noteworthy.  Here,  as  elsewhere,  these  low  ridges  have  notice- 
ably accordant  heights ;  they  are,  moreover,  much  less  dissected  than 
are  the  mountain  at  whose  feet  they  lie.  Wherever  these  foothills  are 
well  developed  the  talus  slopes  are  inconspicuous  or  wanting.  If  the 
view  previously  expressed,  to  the  eflTect  that  foothills  of  this  type  result 
from  the  exposure  of  a  portion  of  the  gently  sloping  bed  rock  of  a  valley 
which  took  its  first  shape  while  the  process  of  refilling  was  going  on, 
then  the  process  of  baring  and  dissecting  must  have  been  a  concomitant 
of  an  increased  rainfall  which  has  served  to  destroy  the  ancient  talus 
slopes  or  benches.  In  other  words,  we  have  to  suppose  that  an  arid 
period,  during  which  extensive  taluses  were  built,  was  followed  by  a 
humid  period,  in  which  they  were  to  a  great  extent  swept  away. 

Possible  Cause  of  increased  Rainfall  in  eastern  Cordillekas 

At  first  sight  it  may  seem  that  the  last  Glacial  period,  with  its  in- 
creased precipitation,  could  sufficiently  account  for  the  augmented  rain- 
fall which  the  features  just  above  noted  appear  to  demand  for  their 
explanation ;  but  it  is  probable  that  the  increase  in  erosive  action 
in  this  eastern  section  of  the  Cordilleras  is  much  more  ancient  than  the 
ice-time.  Although  the  dissection  of  the  upper  part  of  the  rock  slope 
is  often  of  the  canyon  type,  the  incisions  are  deep  and  apparently  must 
have  required  far  more  time  than  elapsed  since  the  beginning  of  that 
humid  period.  In  view  of  the  facts,  I  have  been  led  to  a  hypothesis  as 
to  the  cause  of  this  ancient  temporary  increase  of  rainfall  and  of  the 
aridity  which  preceded  it.     This  view  I  shall  now  set  forth. 

It  is  eminently  probable  that  the  source  of  the  larger  part  of  the  rainfall 
that  comes  to  the  drainage  basin  of  the  Mississippi  valley,  including  the 
eastern  portion  of  the  Cordilleras,  is  to  be  found  in  the  basin  of  the  gulf 
of  Mexico  and  the  Caribbean  sea.  Depending  on  the  evaporation  from 
this  basin  as  the  source  of  precipitation,  we  may  reasonably  suppose 
that  any  great  variations  in  the  area  of  these  seas  would  be  attended  by 
changes  of  rainfall  which  might,  if  the  alterations  were  great  enough, 
range  through  a  wide  scale.  Although  we  can  not  as  yet  clearly  trace 
the  alterations  of  the  Caribbean  group  of  seas  in  the  later  geological 
periods,  we  know  enough  to  be  sure  that  these  have  been  great.  Devel- 
oping .mainly  about  the  eastern  and  western  mountain  systems,  this  con- 
tinent has,  since  the  Paleozoic  age,  had  a  broad,  l(5w  interval  between 
the  Appalachian  and  Cordilleran  high  ground — a  region  so  little  elevated 
above  the  average  level  of  the  ocean  that  it  has  in  many  alternations  been 
dry  land  and  shallow  sea.    Still  further,  in  southern  Louisiana,  where 
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there  is  at  present  an  annual  rainfall  of  about  100  inches,  there  exist 
very  extensive  deposits  of  rock-salt  beds,  which  indicate  an  arid  climate, 
with  a  precipitation  of  probably  less  than  10  inches,  and  a  very  dry  air. 
Although  the  age  of  these  beds  is  not  determined,  it  is,  on  the  whole, 
likely  that  they  are  of  Mesozoic  age.  These  facts,  while  they  do  not 
suffice  to  correlate  any  particular  climatal  condition  in  the  eastern  face 
of  the  Rocky  mountains  with  a  particular  accident  in  the  form  of  the 
gulf  of  Mexico,  clearly  indicate  the  existence  of  actions  sufficient  to  ac- 
count for  a  wide  range  in  the  precipitation  in  that  part  of  the  Cordil- 
leras. If  it  were  necessary  further  to  show  that  the  eastern  border  of 
the  Cordilleras  had  been  subjected  to  one  or  more  humid  periods  before 
the  last  Glacial  epoch,  the  evidence  could  be  adduced  from  the  condi- 
tions of  the  valleys  of  the  rivers  which  drain  from  that  district  toward 
the  Mississippi.  These  valleys  generally  indicate  the  existence  of  a 
greater  flow,  and  this  at  a  time  anterior  to  the  accumulation  of  the  gla- 
cial drift. 

Conclusions 

The  foregoing  considerations  lead  to  the  conclusion  that  the  valleys 
of  the  eastern  face  of  the  Cordilleras  were  in  most,  if  not  all,  cases  greatly 
affected  by  a  long-continued  arid  climate,  which  at  some  time  probably 
in  the  Tertiaries  was  interrupted  by  one  or  more  continuously  humid 
periods,  with  a  return  in  the  present  epoch  to  dry  conditions.  During  the 
Tertiary  periods,  when  aridity  prevailed,  the  originally  deep  and  rather 
narrow  valleys  probably  were  filled  with  debris  and  widened  under  the 
conditions  of  a  constantly  rising  baselevel  formed  by  the  thickening  de- 
posit, the  conditions  of  this  action  being  the  same  as  those  traced  in  the 
interior  valleys  of  the  Cordilleran  field.  At  the  same  time  like  accumu- 
lations of  detritus  formed  on  the  eastern  border  of  the  mountains — that 
which  faces  the  great  plains.  In  later  times  there  came  a  greater  meas- 
ure of  rainfall,  and,  as  a  consequence,  the  removal  of  a  large  part  of  the 
filling  of  these  eastern  valleys,  as  well  as  the  greater  portion  of  the  talus 
deposits  on  that  border  of  the  mountains.  In  this  period  the  upper  part 
of  the  bed-rock  slopes  of  the  valleys  were  bared  and  worn  into  foothills. 

At  present  the  conditions  of  the  eastern  section  of  the  Cordilleras 
indicate  a  recent  return  to  the  arid  climate  which  has  for  ages  been 
normal  in  that  area.  The  taluses  are  evidently  again  in  process  of  in- 
crease, vigorous  erosion  beirtg  limited  to  the  higher  levels,  where  the 
steepness  of  the  torrent  beds  enable  their  scanty  waters  to  sweep  along 
the  debris  which  comes  to  their  beds.  Unless  the  gulf  of  Mexico  should 
again  be  brought  over  a  considerable  part  of  the  southern  lowlands, 
there  seems  to  be  no  reason  to  expect  that  there  will  be  any  increase  of 
rainfall  in  this  area. 
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Introduction 


While  engaged  in  making  a  paleojitological  survey  of  the  rock  forma- 
tions of  the  Upper  Paleozoic  in  Nova  Scotia,  and  also  studying  material 
placed  at  his  disposal  from  previous  collections  in  the  Geological  Sur- 
vey Department,  the  writer  has  discovered  what  appears  to  be  sufficient 
evidence  for  the  determination  of  the  geological  horizon  of  a  series  of 
strata  which  occur  in  the  western  corner  of  Antigonish  county,  extend 
into  the  adjacent  county  of  Pictou,  Nova  Scotia,  and  measure  probably 
not  less  than  1,000  feet  in  its  greatest  development.  One  of  the  beat 
natural  sections  where  this  series  may  be  examined  and  studied  to  ad- 
vantage occurs  in  the  valley  of  erosion  through  which  flows  McArras 
brook.  A  measured  section  recently  made  by  Mr  Hugh  Fletcher,  of  the 
Geological  Survey  of  Canada,  and  cited  below,  gives  a  total  thickn^s 
of  684  feet.  The  strata  in  question  are  placed  in  the  Lower  or  Eo-Devo- 
nian, inasmuch  as  they  contain  fossil  remains  characteristic  of  the  typical 
"  Old  Red  Sandstone  "  of  Europe. 

Typical  Area  under  Discussion 

On  sheet-map  number  34  of  the  series  of  geological  maps  of  Nova 

Scotia,  issued  by  the  Geological  Survey  of  Canada  in  1893,  there  is  rep- 

— . > 
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resented  a  lozenge-shaped  area  of  so-called  Upper  Devonian  strata  ad- 
jacent to  the  Silurian  of  the  Arisaig  Coast  region  and  extending  from 
the  headwaters  of  Arisaig  brook  on  the  east  to  those  of  Baileys  brook 
on  the  west,  and  from  *'  The  Hollow,"  or  "  Bruin's  Highway,"  on  the 
south,  to  the  line  of  contact  and  overlap  of  Carboniferous  strata  to  the 
north  and  west. 

This  area  is  described  as  *'  Upper  Devonian  "  on  page  69  P  of  the 
"Annual  Report"  of  the  Geological  Survey  of  Canada  for  1886.  Here  the 
first  mention  of  the  occurrence  of  organic  remains  found  in  this  series  is 
given  in  what  appears  to  be  the  lowest  portion  of  the  series.  These 
include  "plants,  fish  teeth,  and  Protichnites."  A  number  of  small 
streams  cross  this  area  of  Devonian  rocks  and  afford  many  interesting 
outcrops,  of  which  one  of  the  two  photo -sections  reproduced  in  the 
plate  opposite  this  page,  occurs  near  the  bridge  over  McArras  brook, 
along  the  shore  or  postroad  from  Merigomnish  to  Arisaig  and  cape 
George.  These  streams  include  the  headwaters  of  McAdam  brook, 
Joseph  McDonald  brook,  Stonehouse  brook,  McArras  brook,  Knoydart* 
brook  (giving  the  name  to  the  formation  discussed),  Vamey  brook, 
and  of  one  of  the  southeastern  branches  of  Baileys  brook. 

Contact  of  Silurian  and  Devonian  Strata 

The  line  of  contact  between  this  area  and  the  adjacent  Silurian  ap- 
pears to  mark  an  unconformity,  the  precise  amount  and  significance  of 
which  has  not  yet  been  fully  determined.  According  to  the  dips  and 
strikes  given  by  Mr  Hugh  Fletcher  and  Mr  J.  A.  Robert  on  the  map  just 
cited,  it  would  follow  that,  on  the  whole,  the  general  trend  and  l>e- 
havior  of  the  strata  referred  to  the  Silurian  and  Devonian  systems  are 
fairly  uniform  and  generally  identical,  both  having  evidently  been  sub- 
jected to  the  same  physical  forces  and  disturbing  agencies  since  they 
were  deposited  (see  plate  26,  figures  1  and  2). 

The  actual  dips  of  the  Devonian  strata  vary  from  16  degrees  to  80 
degrees,  and  those  of  the  Silurian  from  7  degrees  to  70  degrees,  with 
local  variations  in  both.  The  number  of  post-Silurian  and  post-Devo- 
nian eruptive  masses  of  amygdaloidal  trap  present  in  the  vicinity  have 
done  much  to  disturb  the  rocks  of  the  two  sedimentary  series,  not  to 
speak  of  the  older  and  the  newer  sedimentaries  of  the  district  (see  map* 
figure  1). 

Classification  and  Views  op  Various  Writers 

Touching  the  McArras  brook  area  in  question,  the  conclusion  cited 
below  was  reached  by  Mr  Hugh  Fletcher  by  correlating  the  same  with 

♦Pronounced  Krodiart. 
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the  New  Brunswick  equivalents  in  his  '^  Report  of  geological  surveys 
and  explorations  in  the  counties  of  Guysborough,  Antigonish,  Picton, 
Colchester,  and  Halifax  from  1882  to  1886." 

In  this  Annual  Report,  1886,  new  series,  volume  ii,  under  the  head  of 
"  F.  Devonian,'-  on  page  49  P,  Mr  Fletcher  describes  three  distinct  groups 
of  Devonian  strata  corresponding  closely  with  those  of  New  Brunswick, 
and  gives  the  following  table  of  equivalencies : 

New  Brunswick  Nova  ScoHa 

3.  Mispeck  group.  3.  Upper  Red  slate  and  sandstone 

group. 
2.  Dadox y Ion  sandstone  and  Cordaite     2.  Middle  gray  8and8tx>ne  and  slate 

shale.  group. 

1.  Bloomsbury  conglomerate.  1.  Lower  Conglomerate  group. 

After  giving  the  distribution  of  the  above  in  Nova  Scotia  in.general, 
the  first  reference  to  the  age  of  the  McArras  Brook  strata  is  then  made 
on  page  49  P,  which  reads  as  follows :  "  The  upper  rocks  "  (t.  6.,  the 
Upper  Red  slate  and  sandstone  group)  **  are  found  again  near  Union 
Railway  station,  and  also  at  McArras  brook.*' 

On  page  67  P  Mr  Fletcher  quotes  Dr  Honeyman's*  views  on  the  age  of 
these  rocks :  "  They  are  certainly  not  Lower  Helderberg,  and  may  there- 
fore be  Devonian  ; "  and  on  page  68  P  the  same  writer  quotes  Sir  William 
Dawson,t  in  which  he  regards  them  as  **  pre-Carboniferous,  although  not 
separated  from  the  Silurian." 

Mr  Fletcher  describes  the  strata  on  McArras  brook  as  follows : 

"Good  exposures  are  also  cut  by  McArras  brook  behind  tlie  mass  of  amygdaloid 
at  the  shore,  consisting  of  red,  flinty,  raicaeeoas,  jointed  sandstone  and  slate,  often 
concretionary,  interstratifled  with  greenish  thick  bedded  and  flaggy  sandstone, 
containing  traces  of  carbonate  of  copper  and  iron  pyrites,  the  brook  being  rocky 
up  to  the  shore  road. 

**  From  the  latter  a  collection  of  fossils  was  made  by  Mr  Weston,  comprising? 
fragments  of  plants  and  fish  teetli,  not  certainly  determinable,  together  with  cer- 
tain interesting  footprints,  Protichnites  carbonarius.^^  t 

Discovery  of  Fossils  and  their  Interpretation 

Up  to  1886  but  little  had  been  done  with  a  view  to  determining  the 
exact  geological  horizon  to  which  this  Devonian  area  belonged,  the  area 
in  question  having  been  generally  dismissed  with  the  statement  that 
they  were  certainly  non-Silurian.     In  that  year  Mr  T.  C.  Weston  and 

♦Trans.  Nova  Scotian  Innt.  Sci.,  vol.  3,  pp.  13,  188 
t  Acadian  Geology,  p.  516,  line  -1,  and  Supplement  to  the  name,  p.  49. 

X  ThoHe  tracks  have  nince  been  described  by  the  writer  under  the  name  lehthyoidicknite*  aeodi- 
cruis  in  a  paper  read  before  the  Nova  Scotian  Institute  of  Science  in  May,  ]9<)1. 
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Mr  J.  A.  Robert  carried  on  a  successful  paleontological  survey  of  the 
Silurian  as  well  as  of  the  Devonian  rocks  of  the  region.  .The  Silurian 
fossils  obtained  were  submitted  to  a  preliminary  examination  by  the 
writer  in  that  year,  and  a  list  of  some  160  species  of  organic  remains 
was  recorded  in  the  Silurian  formations  of  the  Arisaig  coast,  referable  to 
the  various  subdivisions  A,  B,  B',  C,  D,  and  D'  of  Dr  D.  Honeyman,  as 
adopted  by  Mr  Fletcher,  exclusive  of  the  species  recorded  by  J.  W.  Salter, 
J.  W.  Dawson,  James  Hall,  E.  Billings,  and  Dr  H.  Honeyman. 

From  the  Devonian  strata  Messrs  Weston  and  Robert  obtained  what 
appeared  to  be  series  of  obscure  fishes,  together  with  tracks  and  trails  of 
some  organism.  These  were  not  determined,  however,  until  the  writer 
undertook  to  submit  the  fish  material  to  Mr  A.  Smith- Wood  ward,  of  the 
British  Museum.  The  result  of  the  study  of  the  fish  fauna  has  led  the 
writer  to  conclude  that  instead  of  Upper  Devonian  strata  in  the  Mc Arras 
Brook,  Upper  Knoydart  Brook,  and  Upper  Vamey  Brook  exposures,  there 
occurs  a  series  of  strata  of  lowermost  Devonian  age,  equivalent  to  the 
Lower  Old  Red  sandstone  of  Britain  or  Cornstone  of  England.  The  high- 
est fossiliferous  strata  of  the  Silurian  series  adjacent  are  so  remarkably 
similar  in  their  lithologic  and  paleontologic  or  biologic  characters  to  the 
lacies  of  the  Silurian  of  western  Europe — especially  to  the  Silurian  of 
the  Ludlow  type  in  Herefordshire,  England — as  to  warrant  a  close  rela- 
tionship to  be  instituted  with  the  European  equivalents :  quite  distinct 
from  the  Silurian  succession  as  known  in  the  6asp6  peninsula,  in  the 
valley  of  the  Saint  Lawrence,  on  the  island  of  Anticosti,  and  in  the  state 
of  New  York  or  the  province  of  Ontario  to  the  south  and  west  as  defined 
and  described  by  Vanuxem,  Hall,  Logan,  Billings,  and  other  geologists. 

This  Ix)wer  Devonian  area  is  bounded  on  the  east  by  the  highest 
member  of  the  Silurian  examined,  the  Stonehouse  formation,  and  on 
the  south  by  a  range  of  hills  which  has  been  assigned  to  the  Cambro- 
Silurian  (Ordovician)  by  Mr  Fletcher.*  From  this  series,  however,  no 
organic  remains  or  definite  paleontologic  evidence  of  any  value  have  as 
yet  been  obtained  upon  which  might  be  determined  the  precise  position 
of  this  older  series  in  the  Paleozoic  succession.  To  the  north  and  west 
of  this  Devonian  area  are  seen  newer  measures  referable  to  three  distinct 
horizons  of  the  Carboniferous  system  as  developed  in  this  portion  of 
Nova  Scotia.    These  include—    .. 

(a)  The  so-called  **  Carboniferous  Conglomerate  "  formation  described 
in  the  above  report.f  This  series  is  presumably  equivalent  to  the  Bonu- 
venture  formation  of  Gasp6,  and  is  doubtfully  referred  to  it  here. 

(6)  The  "  Carboniferous  Limestone  "  series  with  its  marls,  sandstones,. 

*  AoDuai  Report  of  the  Geological  Survey  of  Canada  for  1886,  pp.  17  P  and  99  P. 

t  Loc.  citw,  supra,  pp.  71 P,  85  P,  and  124  P,  and  on  page  173  P  of  the  Annual  Report  for  1890-'91. 
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and  marine  limeetones  and  gypsum,  designated  (in  part  at  least)  by  the 
writer,  as  the  Hopewell  formation.* 

(c)  The  so-called  *'  Millstone  Grit "  series,  for  the  most  part  very  flat 
lying  and  undisturbed,  showing  that  the  physical  disturbances  and 
agencies  to  which  the  Silurian  and  Devonian  strata  have  been  subjected 
which  have  dislocated  and  tilted  their  strata  had  disappeared  previous 
to  the  time  when  these  Carboniferous  grits  were  laid  down.  This  so- 
called  "  Millstone  Grit  "  series,  which  is  very  doubtfully  the  equivalent 
of  the  true  ''  Millstone  grit "  of  England,  was  designated  by  the  writer 
as  the  WestviUe  formation,  on  page  178  of  the  paper  cited  above,  in  order 
to  separate  it  from  other  formations  in  the  district. 

Fletchjjr's  Section  op  the  Knoydart  Formation  ai>ong  MoArras 

Brook 

In  1897  Mr  Fletcher  made  a  careful  remeasurement  of  the  red  marls, 
sandstones,  shales,  and  calcareous  bands  holding  fish  remains  along  the 
valley  of  Mc Arras  brook,  a  copy  of  which  was  kindly  furnished  me  by 
him  with  the  sanction  of  Doctor  Dawson,  director  of  the  Geological 
Survey.  In  order  to  give  the  reader  more  detailed  information  on  the 
succession  of  the  strata  in  this  bit  of  the  '*  Old  Red  Sandstone"  his 
valuable  section  has  been  incorporated  in  this  paper. 

From  the  mass  of  trap  near  the  mouth  of  Mc  Arras  brook  the  following  is  the 
section  in  ascending  order : 

Amygdaloidal  trap,  probably  Lower  CSarboniferous,  as  described 
in  Report  P  for  1886. 

Measures  concealed.  On  the  left  bank  of  tlie  brook  trap  is  in  tlie 
cliffy  while  on  the  right  bank  there  are  indications  of  red  strat- 
ified Devonian  rocks 30       0 

1.  Red,  argillaceous  shale,  more  or  less  slaty,  with  coherent  under- 

clay  full  of  rootlets,  dip  north  230  degrees  angle  32  degrees 

(magnetic) 3  0 

2.  Red,  argillaceous,  slaty  rock,  not  well  seen 4  0 

3.  Red,  broken,  argillaceous  shale,  with  greenish  and  gray  blotches.  6  0 

4.  Red  shale,  nearly  all  concealed 6  0 

5.  Red,  very  coherent,  concretionary,  calcareous  rock  at  the  month 

of  a  little  brook  from  the  eastward 1  6 

6.  Red,  argillaceous  shale 7  6 

7.  More  coherent,  flaggy  rocks,  which  may  be  called  sandstone 1  0 

8.  Red,  argillaceous  shale 8  0 

9.  Red,  coherent,  somewhat  sandy  flags,  in  two  layers 3  0 

10.  Red,  argillaceous  shale,  in  part  blotched  with  green 46  0 

^ProG.  and  Trans.  NovaScotian  Inst.  Sci.,  Tol.  10,  pt.  2,  Halifax,  1900,  p.  177. 


fletcheb's  section  of  the  knoydart  foemation        307 

Feet.    Inches 

11.  Greenish  and  reddish,  coherent,  micaceous  sandstone  and  flags, 

with  fossils  (no.  1) 4  0 

12.  Red,  argillaceous  shale,  with  coherent  layers 22  0 

13.  Red,  somewhat  coherent,  massive,  argillaceous  rock 6  0 

14.  Red,  coherent  flags,  containing  fish  remains 11  6 

15.  Red,  anicillaceous  shale 5  0 

16.  Greenish,  calcareous  flags,  from  which  Doctor  Ami  collected  many 

fossil  fish  remains  in  1897.  The  upper  part  contains  broken 
carbonized  plants,  fish,  etcetera  (no.  2) 2       0 

17.  Red  and  green,  somewhat  massive,  mottled,  calcareous  rocks,  with 

nodular,  rounded,  and  oval  spots  and  fish  remains,  dip  230  de- 
grees angle  29  degrees  on  fine  long  faces 7       0 

18.  Red,  argillaceous  shale,  with  layers  of  more  coherent  concretion- 

ary flags 5       0 

19.  Red,  micaceous  flags 1        6 

20.  Red,  somewhat  crumbly,  argillaceous  shale,  forming  fine  ledges 

in  the  brook 2        0 

21.  Red,  argillaceous  shale,  with  layers  of  fine,  more  coherent  flags.      14       6 

22.  Greenish,  flinty,  argillaceous,  and  siliceous  flags,  micaceous  and 

sometimes  spotted  with  red,  containing  much  carbonaceous 

matter  and  cut  by  veins  of  quartz  (no.  3) 3        0 

23.  Greenish,  coherent,  massive,  fine  sandstone  in  two  layers 4       0 

24.  Red  and  greenish  mottled  shale,  in  regular  layers,  more  massive 

toward  the  top,  for  the  most  part  red 8  0 

25.  Reddish,  coherent  flags  and  argillaceous  shale 32  0 

26.  Red,  crumbly,  argillaceous  shale,  not  well  seen II  0 

27.  Red,  crumbly,  argillaceous  shale,  with  harder  bands,  not  well 

seen 10  0 

28.  Red,  argillaceous  shale,  with  flaggy  layers 17  0 

29.  Red,  argillaceous  shale,  not  well  seen 25  0 

30.  Red,  coherent,  thick  bedded  sandstone,  in  two  layers,  at  a  small 

waterfall 6  0 

31.  Red,  coherent,  argillaceous  shale,  with  green  layers  and  blotches.  5  0 

32.  Measures  not  well  seen,  but  evidently  chiefly  red 6  0 

33.  Greenish,  argillaceous  shale  at  the  mouth  of  a  little  brook  from 

the  westward  (no.  4) ;  from  this  the  seeds  and  plants  were  ob- 
tained by  Doctor  Ami  in  1896.  One  coarse,  rusty  layer  is  full 
of  pyrites  and  plant  remains 2       6 

34.  Measures  concealed,  probably  greenish  shales  cut  by  quartz  veins 

and  containing  plants 3       0 

35.  Greenish  qnartzite  or  fine  sandstone,  over  which  the  little  brook 

from  the  westward  falls  into  the  main  stream  at  water  level. .        3       0 

36.  Gray  and  greenish  and  red  coherent  argillaceous  rock  in  three 

layers 3       0 

37.  Red,  argillaceous  shale,  with  coherent  layers.    The  top  comes  to 

the  foot  of  the  falls  in  a  gorge  from  which  Mr  Weston  is  sup- 
posed to  have  obtained  his  fish  remains  (no.  5) 12       0 

38.  Red,  coherent,  argillaceous  shale,  forming  a  little  fall 15       0 
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39.  Red,  coherent  shales,  fonning  a  higher  fall 14       0 

40.  Red,  argillaceous  shale,  containing  greenish  blotches,  harder 

layers,  and  small  nodules;  to  the  water  level  of  the  lower 

side  of  the  culvert  at  the  shore  side 31       0 

41.  Red,  argillaceous  rock,  with  green  layers  and  blotches,  in  cliflb 

at  the  road,  dipping  235  degrees  angle  32  degrees 30       0 

42.  Red  and  green  mottled,  ai^illaceous  shale,  principally  red 15       0 

43.  More  coherent,  red,  siliceous  and  argillaceous  rock,  with  a  few 

fish  remains 10       0 

44.  Greenish  and  mottled  lenticular  limestone  from  which  Doctor  Ami 

obtained  the  fish  remains  FieraapUy  etcetera,  firstsent  to  Doctor 
Woodward  (no.  6) 0       6 

45.  Red,   argillaceous  and  siliceous   rock   with   green  bands  and 

blotches 20       0 

46.  Reddish,  altered  rock  at  the  level  of  the  road  under  the  school- 

house,  not  well  seen 20  0 

47.  Greenish,  argillaceous  flags  and  shales  (no.  7) 4  0 

48.  Red,  argillaceous  shale 3  0 

49.  Red  and  greenish  sandstone  in  two  layers 4  0 

50.  Red,  argillaceous  shales,  with  layers  of  more  coherent  rock,  some 

of  which  contain  rootlets 17       0 

51.  Measures  concealed 13       6 

52.  Bright  red,  soft,  argillaceous  shale ;  to  the  first  bridge  where  the 

brook  crosses  to  the  eastward 4       0 

53.  Red,  argillaceous  shale,  with  a  few  more  coherent  layers 31       0 

54.  Greenish,  somewhat  massive,  argillaceous  and  arenaceous  rock 

(no.  8) ;  at  the  second  bridge  where  the  brook  runs  to  the 
westward.  The  dip  now  changed  to  80  degrees,  and  this  layer 
is  concealed  for  some  distance,  but  again  appears  to  return  to 
the  road  farther  south.  Assuming  that  this  is  the  case,  the 
section  is  continued  beyond  as  follows 11       0 

55.  Red,  argillaceous  shale,  with  coherent  layers 18       0 

56.  Greenish  and  dark-gray  crumbly,  argillaceous  rock 2       0 

57.  Greenish  and  gray,  argillaceous  rock,  the  upper  part  greatly 

altered 4  0 

58.  Trap 4  0 

59.  Red,  argillaceous  shale,  greatly  altered .'. 6  0 

60.  Measures  concealed  dip  250  degrees  angle  23  degrees ;  to  a  little 

brook  from  the  eastward *. .        5       0 

61.  Red,  argillaceous  shale  and  thin  flags,  in  whidi  fish  remains 

were  found  (no.  9) 14       0 

62.  Red,  argillaceous  shale  and  flags 43       0 

63.  Trap,  thickness  undefined,  perhaps 120       0 

This  trap  begins  about  550  yards  above  the  main  road.  In 
the  brook  west  of  the  road  there  is  a  green  flinty  shale  which 
yielded  no  fossils. 

Total  thickness  of  the  stratified  rocks  in  the  section 683        3 
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Mr  Fletcher  adds : 

'*  This  section  is  only  approximate.  It  represents  only  a  small  portion  of  meas. 
ares,  apparently  as  thick  as  at  Union ;  seen  also  in  Knoydart  brook  and  other 
streams  of  the  vicinity.  It  is  not  supposed  that  either  the  base  or  the  summit  of 
the  series  is  here  ^iven.'' 

Name  and  Fauna  of  the  kNO.YDART  Formation. 

The  name  "  Knoydart  formation  "  is  proposed  for  the  series  of  strata 
of  which  the  684  feet  recorded  above  constitute  a  characteristic  section 
holding  a  typical  ^'  Old  Red  Sandstone  "  fauna.  This  name  is  given  in 
order  to  be  able  to  better  designate  the  strata  in  question  and  separate 
them  from  other  Paleozoic  formations  in  that  portion  of  eastern  Canada 
where  the  sedimentation  has  a  wonderfully  close  resemblance  to  Euro- 
pean types.  This  striking  resemblance  to  the  European  succession  is  a 
feature  which  has  been  pointed  out  by  Sir  William  Dawson,  Salter, 
Billings,  Honeyman,  and  other  writers. 

The  following  species  of  fossils  obtained  from  the  above  strata  are 
provisionally  recorded  as  characteristic  of  the  Knoydart  formation. 
These  and  other  forms  will,  no  doubt,  sooner  or  later  be  found  in  other 
parts  of  Antigonish,  in  Pictou,  and  in  other  counties  of  eastern  Canada 
along  the  Atlantic  border  of  the  continent.  The  fossil  ostracoderms,  which 
constitute  a  very  primitive  and  early  type  of  fishes,  were  identified  by 
our  friend  Doctor  A.  Smith-Woodward,of  the  British  Museum, and  to  him 
is  due  the  credit  of  identifying  the  fish  fauna  and  indicating  the  precise 
geological  horizon  to  which  to  refer  the  beds,  while  the  remains  of 
Pterygotus  were  submitted  to  and  identified  by  Doctor  Henry  Woodward 
when  Keeper  of  the  British  Museum. 

1.  PterygoiuB  sp. 

2.  Onchus  murchisoni  Agassiz. 

3.  Ptertupis  sp.  cf.  Ptera^pis  crouchii. 

4.  Paammostetu  sp.  cf.  PmmmoMeiis  anglicus  Traquair. 

5.  CephaUupu  sp.    Probably  a  new  species. 

6.  IcJUhyoidichnUes  acadierms  nobis.  Impressions  made  by  a  pair  of  sharp- 
pointed  organs  or  spines,  probably  those  of  a  fish. 

The  specimens  are  for  the  most  part  imperfectly  preserved  in  a  hard, 
compact,  fine  grained,  and  brecciated  volcanic  ash-bed,  and  are  conse- 
quently difficult  to  identify  and  obtain. 

Barlow's  Description  of  Volcanic  Ash  Rock 

With  a  view  of  ascertaining  the  exact  nature  of  the  rock  materials  in 
which  the  pteraspidians  were  preserved,  microscopical  sections  were  pre- 

XLIV— Bull.  Gkol.  Soa  Am..  Vol.  12.  1900 
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pared  and  submitted  to  Doctor  A.  E.  Barlow,  of  the  Geological  Survey  of 
Canada.  He  kindly  undertook  to  describe  these,  and  gave  the  follow- 
ing interesting  note  regarding  the  tufaceous  or  volcanic  origin  of  locality 
number  6,  and  number  44  of  Mr  Hugh  Fletcher's  section : 

**  The  rock  of  Mc  Arras  brook  is  a  dark  gray  to  greenish  gray  thinly  bedded  gray- 
wacke,  weathering  yellowish  or  brownish,  owing  to  the  decomposition  of  the  iron 
ore.  It  is  composed  for  the  most 'part  of  angular,  subangular,  and  rounded  grains 
of  quartz  and  feldspar  embedded  in  a  matrix  of  the  same  materials  in  a  finer  state 
of  division.  Calcite  is  present,  and  in  some  sections  is  a  rather  abundant  cooipo- 
nent  of  the  groundmass.  Chlorite  in  occasional  plates  and  small  scales  of  sericite 
is  also  present.  The  rock  is  probably  of  tufaceous  origin.  Small  seams  or  veins  of 
calcite  and  quartz  frequently  traverse  the  rock.^' 

Paleontologic  Notes  and  Faunal  Relations 

In  reporting  upon  the  fish  fauna  from  this  formation.  Doctor  Smith- 
Woodward  writes :  **The  Mc  Arras  Brook  specimens  represent  the  base 
of  the  Lower  Old  Red  sandstone  of  Britain.'* 

The  presence  of  pteraspidians,  cephalaspidians,  and  acanthodians,  as 
well  as  Pterygotus,  as  determined  by  Mr  A.  Smith- Wood  ward  and  Doctor 
Henry  Woodward,  of  the  British  Museum,  would  seem  to  indicate  clearly 
the  presence  of  a  fauna  precisely  similar  in  facies  to  that  of  the  Hereford 
beds,  referable  to  the  Lower  Devonian  (Old  Red  Sandstone)  or  Cornstone. 

The  Pteraspis  found  in  the  tufaceous  rock  in  the  series  of  strata  is  one 
which  Mr  Woodward  refers  to  as  very  closely  allied  to,  if  not  actually 
identical  with,  P.  crouchii  of  the  English  rocks. 

The  horizon  indicated  is  low  down  in  the  Devonian  and  not  far  from 
the  summit  of  the  Silurian.  From  the  nature  of  the  sediments,  their 
composition,  origin,  and  general  characters  they  appear  to  be  much  more 
closely  related  to  European  Devonian  or  Old  Red  Sandstone  strata  than 
to  the  usual  type  of  North  American  Devonian,  such  as  are  met  with  in 
synchronous  western  epi-continental  formations. 

Sir  Archibald  Geikie*  points  out  the  occurrence  in  Nova  Scotia  and 
New  Brunswick  of  the  two  divergent  Devonian  and  Old  Red  Sandstone 
types  of  Europe,  but  does  not  attempt  to  give  any  of  the  subdivisions 
of  the  rocks  of  this  system  nor  any  of  the  fossil  organic  remains  found 
in  them.  The  fauna  of  the  Arbroath  flags  or  Lower  Old  Red  Sandstone 
of  Murchison  is  remarkably  similar  to  that  of  the  Knoydart  formation. 

In  his  "  Geology,  Chemical,  Physical,  and  Stratigraphical,"  Sir  Joseph 
Prestwich  f   makes  the   following  statement  regarding  the  **  Old  Red 

•Text  Book  of  Geology,  18».'>  edition,  book  vi,  part  2,  sec.  3,  chap.  2,  par.  2,  p.  803. 
t  Chapter  vi,  •'  The  Devonian  system  :  •  The  Old  Red  Sandstone,'  p.  82.'' 
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Sandstone  "  of  Herefordshire,  which  enables  geologists  to  correlate  the 
strata  with  a  marked  degree  of  proximity  to  certainty : 

"The  Old  Red  Sandstone "  of  Herefordshire  was  long  thought  to  be  non-fossil- 
ireroos,  a  few  fragmentary  specimens  only  having  been  found  when  in  the  railway 
cuttings  near  Ledbury,  the  Rev.  W.  S.  Symmonds  (see  Quart.  Journ.  Geol.  Soc., 
vol.  16,  p.  193,  and  vol.  17,  p.  152)  discovered  in  the  lowest  beds  (the  Ledbury 
shales)  of  that  formation  remains  of  Pterygotus,  Onchus  Pteraspis,  and  Cepha- 
lapsis,  together  with  large  numbers  of  the  head  shields  of  Auchenaspis." 

It  is  impossible  to  read  over  the  association  of  forms  in  the  strata  near 
Ledbury,  in  Herefordshire,  without  recognizing  in  them  a  fauna  and 
horizon  similar  to  that  met  with  at  McArras  brook,  in  Antigonish 
county,  Nova  Scotia. 

In  1843  Doctor  Abraham  Gesner  described  *  an  "  Old  Red  Sandstone  " 
or  Devonian  group,  which  he  recognized  above  Silurian  beds  .  .  . 
in  several  parts  of  the  province,  .  .  .  consisting  of  .  .  .  *'  a 
bright  red  micaceous  sandstone  or  conglomerate,  accompanied  by  thin 
beds  of  red  shale  and  marly  clay,  and  in  some  places  containing  seams 
of  fibrous  gypsum."  He  adds  :  **  Hitherto  no  organic  remains  have 
been  found  in  it."  He  recognizes  it  at  Advocate  harbor  and  on  the 
Moose  river,  where  it  is  **  seen  lying  unconformably  beneath  the  »Coal 
Measures." 

Mr  Fletcher  classes  the  rocks  of  Advocate  harbor  as  Devonian,  so  that 
the  "  Old  Red  Sandstone  or  Devonian  group  "  of  Gesner  must  therefore 
be  classed  with  the  rocks  of  Union  and  Riversdale,  which,  from  the  fauna 
and  flora  found  in  them,  are  referable  to  the  Carboniferous  system,  and 
from  their  position  in  the  stratigraphic  succession  may  be  referable  to  the 
Meso-Carboniferous.  The  gypsum-bearing  strata  of  Gesner  are  likewise 
also  Carboniferous  and  not  Devonian. 

In  November,  1899,  in  a  communication  on  a  number  of  fossil  fishes 
sent  him  by  the  writer  from  various  localities  in  Nova  Scotia,  in  which 
the  geological  horizon  and  precise  affinities  of  the  species  sent  were 
doubtful,  Mr  Smith-Woodward,  the  eminent  authority  on  Paleozoic 
fishes,  gives  the  following  notes  on  the  specimens  from  McArras  brook, 
adding  that  they  had  been  submitted  by  him  to  Doctor  R.  Traquair,  of 
Edinburgh  : 

**  The  specimens  from  McArras  brook  are  extremely  interesting,  and  represent 
the  base  of  the  Lower  Old  Red  Sandstone  of  Britain.  The  pteraspidian  remains 
are  sufficient  to  prove  that  they  belong  to  the  genus  Pteraspis.  Both  dorsal  and 
ventral  shields  are  so  mach  like  those  of  P.  crouchii  that  if  these  Nova  Scotian  fos- 
sils had  been  found  in  western  England  we  should  have  referred  them  to  the  latter 
species.     Perhaps  the  rostral  plate  may  prove  to  distinguish  your  form  when  it 

•  Proc.  Geol.  Soc.  London,  1843,  vol.  4,  part  1,  no.  66,  p.  187. 
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is  completely  known.  One  piece  of  dorsal  shield  in  counterpart  shows  the  im- 
pression of  the  supposed  branchial  pouches  on  one  side. 

*'  The  pointed  fragments  in  the  collection  may  be  CephaUupidian  comua,  but  are 
uncertain.    There  is  also  present  the  typical  Onchus  MurdMoni. 

*'  Most  interesting  is  one  small  fragment  of  Ptammotteus,  with  ornament  identi- 
cal with  that  of  F.  anglicus,*  In  this  fossil  the  chambers  of  the  middle  layer  are 
larger  than  in  our  unique  plate. 

**  On  the  whole,  I  should  place  the  Mc Arras  Brook  beds  on  the  same  horizoD  as 
the  Lower  Old  Red  Sandstones-Cornstones  of  the  Hereford  district  of  England 
above  the  passage  beds." 

Conclusions 

.  It  may  thus  be  safely  concluded,  with  the  evidence  at  hand,  together 
with  the  learned  opinion  of  Messrs  Arthur  Smith- Wood  ward  and  R.  H. 
Traquair,  that  we  have  in  Nova  Scotia  an  area  of  Lower  Devonian  rocks 
which  represent  well  in  America  the  lower  portion  of  the  Old  Red  Sand- 
stone of  Europe.  This  latter  series  of  strata,  together  with  the  Devonian 
rocks  proper,  Sir  Roderick  Murchison  held  to  be  the  result  of  "  different 
geographicjil  conditions  of  the  same  period.'*  The  same  statement  may 
be  uttered  with  all  truth  in  North  America.  From  the  character  of  the 
strata,  it  is  evident  that  lacustrine  deposits  were  laid  and  shallow-water 
conditions  prevailed  throughout  the  Knoydart  area  in  Eo- Devonian 
times,  and  a  lake  similar  to  lake  Orcadie,lake  Caledonia,  lake  of  Fiomes 
the  Welsh  lake,  etcetera,  of  Great  Britain,  so  graphically  described  by 
Sir  Archibald  Geikie,  existed  in  Canada,  to  which  the  name  lake  Pictou 
might  appropriately  be  given. 

It  may  here  be  remarke(i  that  the  Knoydart  formation  of  Nova  Scotia 
finds  a  near  equivalent  in  the  Eo-Devonian  strata  of  the  Campbellton  for- 
mation in  the  Baie  des  Chaleurs  region.  To  the  lake  in  which  Coccosieus 
{Phlyctasn(}9pis)j  Cephalaspis^  Protodus,  CtenacanthiLSy  AcanthodeSy  Cyclora^ 
etcetera,  once  flourished  in  the  Bay  des  Chaleurs  region,  the  name*' lake 
Chaleur  "  is  suggested. 

It  is  an  interesting  fact  to  note  that  much  contemporaneous  volcanic 
ash  materials  constitute  the  deposits  of  both  these  ancient  Paleozoic 
lake  basins — "  lake  Pictou  ''  and  *'  lake  Chaleur." 


*8ee  TraquAir,  Ann.  Mag.  Nat.  Hist.,  ser.  7,  vol.  ii,  1898,  p.  67,  pi.  1,  figs.  1,  2. 
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Topography  and  Physiography 

THS  ARBA  DEFINED 

In  eastern  Minnesota  south  of  lake  Superior  the  area  known  to  be 
underlaid  by  the  Keweenawan  series  comprises  about  900  square  miles. 
It  borders  the  state  of  Wisconsin  for  at  least  100  miles,  and  lies  almost 
wholly  within  the  valley  of  the  Saint  Croix  river. 

The  northern  limit  of  the  district  is  near  latitude  46^  25',  at  the 
boundary  line  between  Minnesota  and  Wisconsin;  the  southernmost 
point  exposed  is  in  the  lower  Dalles  of  the  Saint  Croix  near  Franconia 
(latitude  45^  15'),  although  the  lava  flows  of  the  southern  exposures 
stretch  beneath  the  Cambrian  formations  southward  beyond  Stillwater. 
Westward  the  Keweenawan  stops  abruptly  along  a  fault  line  which  no- 
where passes  beyond  longitude  16  degrees  west  of  Washington.  The 
total  length  of  the  area  is  nearly  70  miles,  and  greatest  width  not  more 
than  30,  with  an  average  of  12  to  14  miles. 

SURFACE  FEATURES 

The  surface  is  generally  level.  In  the  northern  part  the  watershed 
separating  the  Lake  Superior  drainage  basin  from  that  of  the  Saint  Croix 
is  a  morainic  tract,  which  slopes  southward  into  a  well  timbered  and 
generally  level  belt  of  country.  Its  prominent  features  are  due  to  glacia- 
tion,  followed  by  post-Glacial  river  erosion.  In  pre-Glacial  time  the 
Cambrian  sandstones  undoubtedly  covered  this  entire  region,  from  which 
they  are  now  mostly  eroded.  The  distribution  of  the  sandstone  debris 
has  affected  in  no  small  degree  the  agricultural  possibilities  of  much  of 
the  district  by  the  formation  of  extended  sand  plains,  which  locally  sup- 
port a  partially  xerophytic  vegetation,  the  Jack  pine,  oaks,  and  under- 
brush being  especially  characteristic  of  the  more  sandy  belts. 

RIVER  EROSION 

The  visible  erosion  features  of  this  part  of  Minnesota  and  adjacent 
parts  of  Wisconsin  are  chiefly  Glacial  and  post-Glacial.  Exceptional  is 
the  immediate  gorge  of  the  Saint  Croix  river  through  a  part  of  its  course, 
an  exception  soon  to  be  considered.  The  tributary  streams  form  their 
sources  in  the  north  to  the  level  of  the  Saint  Croix  river  at  Franconia, 
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where  the  southernmost  Keweenawan  rocks  of  Minnesota  disappear 
beneath  the  Cambrian  sandstones,  descend  from  an  altitude  of  1,200  feet 
above  the  sea  to  700  feet.  The  fall  of  500  feet  is  sufficient  to  afford  con- 
siderable erosive  power,  yet,  owing  to  the  newness  of  the  district  physio- 
graphically,  very  little  rock-cutting  has  been  done  beyond  the  removal 
of  the  glacial  drift  along  the  channels  of  the  streams. 

The  Kettle  river  in  its  course  from  Kettle  River  station  to  its  conflu- 
ence with  the  Saint  Croix  flows  less  than  30  miles  and  falls  220  feet. 
While  it  has  cut  into  the  Cambrian  sandstone  50  feet  or  more  at  the 
quarry  town  of  Sandstone  and  carved  out  at  this  place  some  of  the 
largest  potholes  thus  far  known,  a  few  miles  below,  where  the  Kewee- 
nawan eruptives  are  reached,  but  little  cutting  has  been  done.  At  Big 
rapids  of  the  Kettle,  where  much  erosion  should  be  expected,  only  a  few 
feet  of  Keweenawan  rocks  have  been  removed.  Glacial  strise  coursing 
south  5  degrees  east,  magnetic  are  seen  only  3  feet  above  the  water. 

The  Snake  river,  in  a  distance  of  10  miles  from  Chengwatana  to  the 
Saint  Croix,  falls  130  feet,  showing  a  still  sharper  gradient  than  the 
Kettle ;  yet  at  the  former  place  it  has  cut  into  the  lava  beds  upturned 
against  its  course  not  to  exceed  20  feet  at  any  place,  and  for  the  rest  of 
its  course  has  done  but  little  beyond  trenching  the  glacial  drift  deposits 
and  soft  Cambrian  sandstones. 

Other  streams  as  well  as  these,  gathered  on  the  broad  and  compara- 
tively level  and  wooded  glacial  plain  to  the  north  and  flowing  down 
over  a  rapidly  descending  slope  into  the  Saint  Croix,  show  identical 
physical  conformations.  Lava  flows  are  only  slightly  eroded,  and  the 
cascade  stage  is  the  principal  feature.  This  is  true  of  Tamarack  and 
Crooked  creeks,  which,  within  a  direct  line  of  some  20  miles,  fall  350 
feet  and  show  a  succession  of  cataracts  for  several  miles.  It  is  along  the 
channels  cut  by  these  streams  that  the  rock  exposures,  lie. 

BB08I0N  OF  THE  DALLES  OF  TBE  SAINT  CROIX 

But  still  farther  south  at  one  or  two  localities,  notably  at  the  Dalles 
of  the  Saint  Croix,  a  remarkable  extent  of  erosion  is  seen.  According 
to  Doctor  Berkey,  the  stream 

'Mies  for  nearly  5  miles  lilmost  without  a  break  between  parallel  ridgea  of  diabase 
standing  on  an  average  1  mile  apart  and  reaching  an  elevation  of  from  100  to  300 
feet  above  the  adjacent  sedimentary  rocks.  .  .  .  The  present  channel  is  not 
believed  to  represent  the  original  location  of  the  river,  although  smaller  streams 
may  have  occupied  portions  of  it.  .  .  .  All  evidences  indicate  that  the  present 
Saint  Croix  River  gorge  is  post-Glacial.  .  .  .  The  chief  factor  in  making  the 
present  channel  the  most  available  and  permanent  line  of  drainage  was  the  glacial 
erosion  accomplished  at  this  locality.  ...  At  this  time  the  volume  of  water 
discharged  was  abundantly  sufficient  to  account  for  all  the  erosion  phenomena 


316      C.  W.  HALL — ^KEWEENAW AN   AREA   OF   EASTERN   MINNESOTA 

which  seem  so  snperior  to  the  amoant  now  carried  by  the  Saint  Croix  river.  Chief 
among  these  phenomena  are  the  enormous  potholes  worn  in  these  rocks  (diabases) 
at  Saint  Croix  falls  and  Taylors  falls."  * 

A  PRE'OLACIAL  SAINT  CROJX  VALLEY 

It  seems  that  during  the  later  Tertiary  epochs  the  Upper  Saint  Croix 
valley  was  drained  by  a  system  of  rivers  somewhat  different  in  direction 
from  the  existing  streams  and  probably  of  quite  different  volume. 

A  glance  at  the  topographic  features  of  the  map  will  show  that  the 
whole  district  was  leveled  to  a  remarkable  degree  before  the  Glacial 
epoch.  In  all  the  views  bearing  on  the  effectiveness' of  glacial  erosion 
the  admission  is  made  that  the  gross  topography  of  a  region  is  only 
moderately  changed ;  hence  it  is  assumed  that  the  broader  topographic 
features  now  existing  were  imposed  preceding  the  Glacial  epoch  by  the 
usual  processes  of  weathering  and  denudation. 

Between  the  present  Ijake  Superior  basin  and  the  Dalles  of  the  Saint 
Croix  is  a  notable  Keweenawan  syncline,  stretching  from  the  south 
shore  of  lake  Superior  south  westward  for  150  miles,  with  a  maximum 
breadth  of  not  less  than  75  miles,  which  probably  drained  southwestward 
into  \he  Mississippi  river  at  some  point  between  Anoka  and  Saint  Paul.f 

Between  the  present  drainage  valleys  of  the  Saint  Croix  and  Missis- 
sippi to  the  southwest  of  Sunrise  creek  is  a  broad  and  nearly  level  sand 
plain,  scarcely  more  than  900  feet  above  tide,  while  the  Saint  Croix  at 
present  runs  in  a  narrow  valley  past  the  mouth  of  Sunrise  creek  at  760 
feet  above  tide.  These  figures  show,  as  Upham  points  out,  a  difference 
in  elevation  of  not  more  than  150  feet. 

The  elevated  ridge  which  forms  the  so-called  **  Copper  range "  of 
northwestern  Wisconsin  is  a  natural  divide  to  the  north  and  northwest 
between  the  waters  of  the  Saint  Croix  valley  and  those  flowing  north- 
ward, while  the  continuous  ridge  of  diabasic  rock  stretching  from  Ke- 
weenaw point  to  the  Dalles  of  the  Saint  Croix  forms  an  equally  natural 
divide  to  the  southeast.  The  region  included  between  these  bounds, 
formed  by  the  upturned  edges  of  the  Lower  Keweenawan  eruptives 
and  reaching  to  the  Mississippi  river,  comprises  a  well  defined  drainage 
area  of  some  8,000  to  10,000  square  miles,  whose  limits  were  readjusted 
at  the  time  of  the  glacial  invasions. 

Doctor  A.  H.  Elfbman,  who,  as  well  as  Mr  Uphslm,  has  given  some 
attention  to  the  Saint  Croix  valley,  aims  to  show  that  the  Saint  Croix 
river  in  pre-Glacial  time  flowed  in  a  nearly  straight  course  south  from 
the  mouth  of  Sunrise  creek,  section  32,  township  36,  range  20  west,  be- 

•C.  p.  Berkey  :  Geology  of  the  Saint  Croix  Dalles.    Amer.  Geologist,  vol.  xx,  p.  367. 
t  Warren  Upham  :  Pleistocene  ice  and  river  erosion  in  the  Saint  Croix  valley  of  Minnesota  and 
Wisconsin,  this  volume,  pp.  16-19. 
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neath  the  present  famed  Chisago  lakes,  until  it  emptied  into  the  present 
Saint  Croix  valley,  in  section  7,  township  32,  range  19  west.  This  old 
Saint  Croix  river  channel  has  been  traced  and  its  general  course  estab- 
lished through  contour  features  and  well-borings.* 

ABSENCE  OF  LAKES 

Another  character  of  this  district  is  the  notable  absence  of  lakes,  inas- 
much as  the  region  on  all  sides  stretches  off  into  a  veritable  lake  park. 
This  physiographic  feature,  like  that  of  the  stream  courses,  is  due  to 
conditions  dating  from  Glacial  time. 

To  the  north  and  west  of  the  great  Kettle  moraine  f  is  a  wide  belt  of 
country  extremely  monotonous  in  its  physical  features.  Swamps  con- 
stitute a  conspicuous  feature.  The  friable  Cambrian  sandstones  and 
the  more  varied  elastics  of  the  Upper  Keweenawan  offered  slight  yet 
equal  resistance  to  glacial  erosion. 

Relation  to  the  associated  Formations 

the  underlying  formations 

Nowhere  in  the  eastern  Minnesota  area  of  the  Keweenawan  is  its  rela- 
tion to  the  underlying  formations  seen ;  yet  from  observations  alongf 
the  Saint  Louis  riverbetween  Thomson,  Minnesota,  and  Duluth,]:  along 
the  Pigeon  river,  and  around  Grand  Portage  bay,  §  and  along  the  north 
side  of  the  Penokee  range  in  Wisconsin,  ||  it  is  clear  that  the  Keweenawan 
is  nonconformable  on  the  earlier  rocks.  This  nonconformity  seems 
locally  to  be  an  eruptive  one — that  is,  the  separation  is  the  intrusion  of 
the  later  formation  in  the  form  of  dikes  and  sheets  thrust  into  the  under- 
lying strata  or  in  extensive  beds  lying  on  the  sedimentaries,  and  in  other 
))laces  the  contacts  of  the  older  rocks  and  Keweenawan  show  a  noncon- 
formity by  erosion  between  them.  McKellar,  Irving,  and  Merriam  have 
pointed  this  out  most  emphatically  for  northeastern  Minnesota  and  the 
Thunder  Bay  district.^ 

THE  OVEBLYINQ  CAMBRIAN  SANDSTONES 

Along  the  Saint  Croix  river,  both  in  Minnesota  and  Wisconsin,  the 


*  A.  H.  Elftman :  The  Saint  Croix  River  valley,  Amer.  Geologist,  vol.  xzii,  pp.  58-61. 

tT.  C.  Chamberlin  :  Geology  of  Wisconsin,  vol.  i,  1883,  pp.  275-287. 

X  N.  H.  Winchell :  Final  Report  of  Geological  and  Natural  History  Survey  of  Minnesota,  vol.  iv. 
pl.  B.  and  pp.  13,  570. 

2  W.  8.  Bayley :  Rocks  on  Pigeon  point,  Minnesota,  Bulletin  109,  U.  S.  Geol.  Survey,  1893,  p.  23. 

I  Irriagand  Van  Hise :  Penokee  iron-bearing  series  of  Michigan  and  WiHConsin,  Monograph 
xix,  U.  8.  Gcol.  Survey,  1892,  p.  470. 

%  P.  McKellar:  Correlation  of  the  Animikie  and  Huronian  rocks  of  lake  Superior,  Proceedings 
and  TraDMctions  of  the  Royal  Society  of  Canada,  vol.  v,  1887.  R.  1>.  Irving :  U.  S.  Geol,  Survey, 
f*»»venth  Ann.  Kept.  Director,  1888.  p.  387. 
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Cambrian  series  is  practically  horizontal,  and  lies  directly  on  the  Ke- 
weenawan  lava  flows.  The  sandstones  are  quartzose  and  remarkably 
pure.  They  carry  but  little  Keweenawan  debris  in  any  section  disclosed. 
save  that  the  lowest  layers  locally  carry  pebbles,  or,  where  conglomer- 
atic, even  boulders  of  diabase,  as  at  Taylors  Falls. 

Along  the  Saint  Croix,  Kettle,  and  Snake  rivers  there  are  many  ex- 
posures of  these  sandstones.  While  actual  contact  is  not  seen,  the  two 
formations  are  in  such  position  as  to  leave  no  doubt  whatever  of  non- 
conformable  superposition.  In  sections  16,  20^  21,  29,  30,  and  31,  town- 
ship 39,  range  19  west,  and  thence  interruptedly  for  a  distance  of  IS  to 
20  miles  south,  the  sandstone  lies  in  horizontal  beds  along  the  river  bluffs 
which  rise  to  a  height  of  200  feet,  while  beside  the  water  the  diabases 
and  conglomerates  persist  in  a  series  of  westward-dipping  beds. 

STRA  TIORA  PHIC  RBLA  TIONSHJPS 

From  evidence  gathered  partly  at  distant  points  and  partly  from  the 
explorations  of  the  Keweenawan  rocks  themselves,  the  continuity  of  the 
Keweenawan  from  Keweenaw  point  to  the  Saint  Croix  River  valley  is 
established.  The  frequent  recurrence  in  the  intervening  area  of  the  same 
kinds  of  rocks  with  the  same  structure  and  stratigraphic  relationships 
seems  to  be  incontrovertible  evidence. 

The  Fault  Line 
extent  of  the  fa  ult 

Along  the  western  border  of  the  area  an  entirely  unexpected  relation 
of  the  Keweenawan  and  Cambrian  has  been  discovered.  A  fault  line 
has  been  traced  which  seems  to  extend  from  the  north  end  of  the  area  in 
a  southwesterly  and  southerly  direction  as  far  as  the  Keweenawan  series 
is  known  to  extend.  The  junction  between  the  two  formations  is  thus  ^ 
apparently  marked  by  a  notable  fault  (see  plates  27  and  28),  on  one 
side  of  which  the  more  or  less  shattered  eruptives  lie,  and  on  the  other 
a  shattered  and  in  places  upturned  white  to  pink  clean  quartzose  sand- 
'  stone  is  seen.  The  quartzose  sandstone  is  younger  than  the  eruptive 
rocks  in  northwestern  Wisconsin. 

Here  the  faulting  has  been  observed  and  described  by  Professor  Grant* 
The  shattered  condition  of  the  diabase  along  the  fault  line  is  especially 
pointed  out.  The  brecciation  which  subdivides  the  rocks  into  remark- 
ably fine  fragments  along  the  contact  zone,  but  becoming  coarser  with 

^Preliminary  report  on  the  copper-bearing  rocks  of  Douglas  oouuty,  WisconsiD,  p.  17.    Pub- 
lished by  the  state,  1900. 
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distance,  can  be  traced  for  hundreds  of  feet  away  from  the  sandstone. 
This  breaking  up  of  the  rock  is  intensified  by  weathering.  The  several 
lava  flows  to  be  noted  along  this  line  dip  strongly  to  the  south.  Angles 
of  dip  are  reported,  varying  from  40  to  70  degrees  in  the  Black  River 
Falls  and  Copper  Creek  districts,  while  the  alternation  of  amygdaloidal 
and  compact  phases  of  the  rock  are  constant,  giving  the  flows  a  thickness 
varying,  Doctor  Berkey,  says,  from  25  feet  to  50  feet,  and  both  the  com* 
pact  and  amygdaloidal  phases  of  the  diabase  are  vigorously  shattered. 
The  sandstones  which  lie  to  the  north  of  this  fault  line  are  relatively 
depressed  below  the  level  of  the  Keweenawan  just  described.  They  dip 
northward  and  away  from  the  lava  flows  strongly  at  first  and  gradually 
less  until  at  a  mile  or  two  from  the  contact  a  nearly  horizontal  attitude 
is  assumed.  These  sandstones  no  doubt  continue  without  interruption 
northward  to  the  Saint  Louis  exposures,  where  they  are  found  to  dip 
southward  at  an  angle  of  10  degrees.  The  sandstones  as  well  as  the 
diabases  are  profoundly  shattered  at  the  contact  zone  and  fault  "tine  and 
are  generally  bent  upward,  thus  suggesting  that  the  movement  which 
produced  the  fault  was  an  upthrust  of  the  diabases  along  a  fault  plane 
sloping  to  the  north — that  is,  beneath  the  sandstones.* 

Farther  northeastward,  at  Pratt,  a  small  station  on  the  Chicago,  Saint 
Paul,  Minneapolis  and  Omaha  railroad,  near  the  middle  of  township  45, 
range  6  west,  the  diabases  are  exposed  at  several  places.  They  show  all 
the  salient  features  of  the  rocks  described  for  the  exposures  to  the  west- 
ward. They  are  badly  shattered.  While  ordinarily  compact,  they  have 
sufiered  to  a  notable  extent  from  weathering,  and  the  local  areas  of 
amygdaloidal  phases  disclose  the  effusive  nature  of  the  rocks.  This 
shattered  condition  is  a  strong  index  of  the  proximity  of  the  fault  line, 
which,  if  it  continue  eastward  from  the  falls  of  Black  river,  must  pass 
far  to  the  north  of  these  exposures. 

At  Ashland  and  probably  in  the  north  part  of  township  47,  range  4 
west,  an  artesian  well  has  been  sunk  to  the  depth  of  3,400  feet  and  the 
bottom  of  the  pink  medium  grained  quartzose  sandstones  was  not 
reached.  These  rocks  were  continuous  next  below  the  glacial  drift  and 
lake  deposits. 

MINNESOTA  LOCALITIES 

With  the  foregoing  evidence  clearly  establishing  the  fault-line  contact 
of  the  Keweenawan  and  Cambrian  in  Wisconsin,  we  turn  to  Minnesota. 
The  Cambrian  sandstones  are  known  to  occur  at  a  sufficient  number  of 
localities  in  northeastern  Minnesota  to  establish  their  continuity  from 
the  Black  River  gorge,  in  Wisconsin,  and  Fond  du  Lac,  in  the  Saint 

*  Ibid.,  pp.  19,  20. 
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Louis  River  valley,  southward  to  the  great  quarries  at  Sandstone,  on  the 
Kettle  river.  Only  the  following  localities  need  here  he  given  where 
recognition  has  been  reported :  Section  35,  township  46,  range  18  west, 
a  well  has  been  dug  to  the  sandstone ;  section  2,  township  44,  range  19 
west,  sandstone  has  been  reached  within  a  few  feet  of  the  surface;  sec- 
tion 10,  township  44,  range  20  west,  in  the  bluffs  of  Kettle  river ;  this  is 
not  an  extensive  outcrop ;  section  11,  township  43,  range  20  west,  where 
begins  a  practically  continuous  exposure  of  15  miles  of  horizontal  to 
gently  dipping,  evenly  bedded,  workable  sandstone,  extensively  quar- 
ried at  the  town  of  Sandstone.  Upon  that  evidence  it  may  be  consid- 
ered as  proved  that  the  Minnesota  beds  beneath  the  drift  in  southern 
Carlton  county,  in  the  river  gorge  at  Sandstone,  around  Hinckley,  on 
the  Kettle,  Snake,  and  Saint  Croix  rivers,  and  beneath  the  drift  at  Pine 
City,  North  Branch,  and  Wyoming  belong  to  one  and  the  same  rock 
series  as  the  brown  sandstones  of  Fond  du  Lac,  Minnesota,  and  a  whole 
series  oMocalities  in  Wisconsin.  The  identification  seems  to  be  indis- 
putable. 

THB  BVIDBNCB  OF  ARTBSJAN  WBLLS 

The  following  data  are  given  as  bearing  on  the  question  of  a  fault  line 
now  under  consideration :  At  Hinckley,  Cambrian  sandstone  is  quarried 
in  the  banks  of  Grindstone  creek.  A  well  was  bored  about  200  feet  deep. 
In  the  bottom  is  the  same  sandstone  as  at  the  surfiace  beside  the  creek. 
Four  and  one-half  miles  to  the  east,  at  about  the  same  altitude  as  the 
village,  occurs  a  contact  of  diabase  and  sandstone  with  every  indication 
of  a  fault  which  the  shattered  condition  of  both  adjacent  rocks  can  give, 
yet  lacking  ocular  demonstration  at  present.  At  Pine  City,  on  the  west 
shore  of  Cross  lake,  an  artesian  well  is  700  feet  deep.  The  first  230  feet 
are  river  sandstone  and  glacial  drift,  while  the  remaining  thickness  pene- 
trated is  beyond  doubt  Cfambrian  sandstone.  One  and  three-fourth  miles 
away  the  diabase  flows  stand  at  the  level  of  Cross  lake  and  form  the 
natural  barrier  which  causes  this  expansion  of  the  Snake  river.  At 
North  Branch  an  artesian  well  gives  a  depth  of  195  feet,  probably  in 
glacial  drift.  The  rapids  in  the  Saint  Croix  river  in  the  strike  of  the 
diabase  flows  suggest  the  presence  of  the  Keweenawan  rocks  within 
3  miles.  At  Wyoming  a  well  505  feet  deep  penetrates  176  feet  of  glacial 
drift  and  enters  the  Cambrian  sandstones  for  an  additional  depth  of 
329  feet.  The  lava  flows  of  Taylors  falls  reach  a  height  more  than  200 
feet  above  the  surface  from  which  the  Wyoming  well  was  sunk.  The 
distance  between  Wyoming  and  the  Lower  Dalles  is  15  miles.  Finally, 
at  Stillwater,  a  well  boring  reached  diabase  at  717  feet  below  the  surface, 
or  within  25  feet  of  the  sealevel.     At  Minneapolis  a  deep  well  reached 
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granitic  rocks  at  2,150  feet,  or  1,225  feet  below  sealevel.    Stillwater  and 
Minneapolis  are  24  miles  apart. 

Thus  it  is  seen  that  along  the  north  and  west  sides  of  this  area  of 
diabases  and  conglomerates  there  extends  a  sharp  line  of  demarkation, 
clearly  defining  the  area  in  those  directions,  and  at  the  same  time  ap- 
parently separating  these  rocks  as  a  geographic  area  from  that  other  area 
assigned  to  the  same  geologic  age,  beginning  near  Duluth  and  extending 
northeastward  beyond  the  international  boundary,  and  constituting  the 
great  northeastern  Minnesota  area  of  the  Keweenawan  series. 

It  does  not  follow  from  this  interpretation — namely,  that  faulting  has 
been  a  factor  in  bringing  about  the  separation  of  these  two  areas — that 
they  did  not  in  that  earlier  time,  the  days  of  eruptive  activity  and  con- 
glomerate building,  form  parts  of  one  and  the  same  geographic  province, 
nor  that  they  are  not  now,  below  the  Cambrian,  the  continuous  floor  on 
which  this  oceanic  deposit  was  laid  down. 

Exposures  of  the  Keweenawan 
b astern  pine  and  carlton  counties 

Commencing  at  the  north  and  on  the  very  eastern  border  of  Minnesota, 
we  note  that  the  northern  edge  of  the  Keweenawan  enters  the  state  from 
Wisconsin,  pursuing  a  southwesterly  direction,  in  section  12,  township 
4,  range  1  west.  The  rocks  at  this  point  are  covered  with  drift,  but  the 
exposures  within  comparatively  short  distances  in  either  (firection  dis- 
closed in  the  channels  of  the  streams  enable  geologists  to  locate  the 
place  quite  accurately.  These  exposures  may  be  mentioned :  Township 
45,  ranges  16  and  17  ;  township  44,  range  16 ;  township  42,  range  16,  at 
several  localities.  The  rocks  have  a  southwesterly  strike  and  a  strong 
southeasterly  dip. 

TAYLORS  FALLS 

At  this  place  and  its  environs  is  an  interesting  succession  of  lava  flows, 
worked  out  by  Doctor  Berkey.*  They  are  a  part  of  the  southwest  exten- 
sion of  the  volcanic  flows  of  the  Keweenawan,  which  are  known  to  occur 
at  Stillwater,  at  717  feet  below  the  surface.  Structurally,  they  are  a 
series  of  lava  flows,  often  columnar  in  habit,  of  dark  color,  mediumly 
crystalline,  and  ophitic  or  porj5hyritic  in  texture,  frequently  both.  The 
flows  vary  from  30  to  60  feet  in  thickness,  they  average  15  degrees  in 
dip  to  the  southwest,  and  represent  a  total  thickness  of  nearly  6,000  feet. 
This  does  not  probably  represent  the  entire  Keweenawan  at  this  point. 

*Cha8.  P.  Berkey  :  Geology  of  the  Saint  Croix  dallea,  Amer.  Geologist,  vol.  xx,  1S87,  pp.  377-383. 
XLVI— BuLi..  Gkol.  Soo.  Am.,  Vol.  12,  1900 
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The  unconformity  between  this  series  and  the  overlying  Cambrian  is 
most  beautifully  and  typically  siiown  at  two  or  three  places.  This  has 
become  a  classic  spot  for  the  downward  delimitation  of  the  Cambrian  in 
the  Mississippi  valley. 

The  clastic  rocks  of  the  Keweenawan  at  Taylors  falls  are  unique. 
They  consist  of  a  succession  of  volcanic  breccias  and  tufb  alternating 
with  the  compact  ophitic  diabase  of  the  lava  flows.  The  breccias  con- 
sist of  angular  fragments  of  diabase  "  imbedded  in  a  matrix  of  finely 
crystalline  secondary  minerals,  chiefly  epidote  and  quartz."*  They 
occur  quite  statedly  between  the  successive  flows,  and  when  once  recog- 
nized are  an  excellent  guide  for  the  recognition  of  the  division  planes 
between  them.  The  tuffs  do  not  occur  so  constantly.  They  are  not  in 
extensive  masses ;  one  place  shows  a  thickness  of  breccia  and  tuff  of  25 
feet  to  30  feet ;  elsewhere  the  thickness  is  materially  less.  The  "  par- 
ticles vary  in  size  from  mere  dust  to  the  size  of  an  ordinary  sand  grain, 
and  in  the  amount  of  abrasion  to  which  they  have  been  subjected  from 
roughly  angular  to  beautifully  rounded  grains.'*  f 

Doctor  Berkey  observes  that  this  is  one  of  the  localities,  noted  in  the 
geological  literature  of  the  Lake  Superior  district,  where  a  well  defined 
tuff  derived  from  volcanic  ash  occurs. 

No  interbedded  conglomerates  have  been  detected  at  Taylors  falls. 

THB  SAINT  CROIX  RIVER  SECTION 

This  section  comprises  the  rocks  around  the  junction  of  the  Snake  and 
Kettle  rivers  with  the  Saint  Croix.  The  farthest  exposure  upstream  at 
the  Kettle  River  rapids,  and  consequently  the  lowest  rock  seen  in  this  dis- 
trict, is  a  conglomerate.  Its  thickness  seems  considerable.  The  texture 
is  that  usual  in  the  series.  At  the  time  the  locality  was  visited  high  water 
prevented  a  careful  examination.  At  this  point,  and  continuously  down 
the  river  for  some  miles,  the  best  exposures  are  on  the  Wisconsin  side  and 
the  numerous  islands  along  this  portion^of  the  river.  The  conglomerate 
named  is  followed  by  one  or  more  lava  flows  ;  after  these  another  con- 
glomerate bed  occurs ;  other  lava  flows  follow  this,  and  then  another 
conglomerate  bed.  The  entire  succession  in  this  group  of  exposures 
strikes  steadily  south  10  to  15  degrees  wast  and  dips  westerly  at  an 
average  angle  of  12  degrees.  This  last  named  exposure  is  in  section  29, 
township  38,  range  19  west,  and  has  beeux  explored  quite  extensively 
for  copper,  as  have  the  associated  diabases,  by  Mr  D.  A.  Caneday,  who 
has  given  much  valuable  information  on  the  geology  of  the  district. 
The  thickness  of  the  rocks  along  the  Saint  Croix  at  this  point  cannot  he 

•  Ibid.,  vol.  xxi,  1898,  p.  H6. 
t  Ibid.,  p.  146. 
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determined  with  accuracy ;  the  estimate,  based  on  as  careful  measure- 
ments as  were  possible,  is  2,500  feet  for  the  length  of  the  rapids. 

The  lava  flows  at  this  point  in  the  Saint  Croix  river  valley  show  an 
important  feature  wanting  at  Taylors  falls.  Here,  without  an  excep- 
tion, the  flow  consists  of  three  parts:  1,  a  finely  crystalline,  and  in 
places  apparently  devitrified  porphyritic  basal  layer  of  a  few  inches 
thickness ;  2,  a  medium  grained  uniformly  crystalline  middle  portion, 
and,  3,  a  distinctly  amygdaloidal  upper  division  (see  figure  1,  page  328). 
The  amygdaloid  varies  greatly  in  structure ;  usually  in  the  central  por- 
tion of  the  flow  it  is  compact,  the  occasional  vesicles  becoming  more  and 
more  numerous  upward  until  in  many  cases,  filled  with  zeolitic  minerals, 
they  constitute  the  major  bulk  of- the  rock. 

It  is  this  amygdaloid  and  the  associated  conglomerates  that  are  ex- 
plored 80  persistently  for  copper.  Small  quantities  of  the  metal  are 
found  in  many  places,  but  those  great  segregations  necessary  for  the  es- 
tablishment of  mining  operations  are  yet  undiscovered. 

The  especial  point  of  emphasis  in  the  geology  of  this  locality  is  that 
the  Keweenawan  rocks  dip  sharply  and  distinctly  westward  !  Former 
investigations  have  placed  them  in  the  same  series  of  eastward  dipping 
flows  as  appear  along  the  Snake  and  Kettle  rivers.  Irving,^  among 
others,  is  led  to  this  generalization  from  the  eastward  dip  of  the  rocks 
on  these  two  streams  and  the  same  direction  shown  on  the  Saint  Croix 
some  30  miles  above  the  mouth  of  the  Kettle  river.  It  is  not  maintained 
here  that  they  are  difierent  flows ;  on  the  contrary,  they  may  be  the 
very  same,  but  displacements  of  a  profound  character  have  disturbed 
the  rocks  along  the  west  side  of  the  district  where  the  fault  line  exposes 
the  upthrust  edges  of  thousands  of  feet  of  lava  flows  and  associated  con- 
glomerates. These  conglomerates,  in  fact,  may  be  continuous  from  the 
east  to  the  west  of  the  district. 

The  Cambrian  sandstones  which  overlie  the  Keweenawan  just  de- 
scribed are  of  a  cheerful  pink  color  and  usually  of  a  medium  texture. 
About  30  feet  above  the  base  there  is  a  layer  some  6  feet  in  thickness, 
filled  with  quartz  pebbles  of  i  to  i  inch  in  diameter.  These  pebbles 
constitute  not  more  than  3  per  cent  of  the  entire  rock  mass ;  scattered, 
as  they  are,  without  regularity  in  their  arrangement,  they  form  a  very 
unusual  phase  of  sandstone  conglomerate. 

That  the  horizontal,  non-indurated  sandstones  of  Taylors  falls,  the 
pink  sandstones  of  the  Saint  Croix  at  this  locality,  the  quarry  rock  along 
the  Kettle  river,  the  Hinckley  sandstone,  and  the  700  feet  of  light  col- 
ored quartzose  sandstones  penetrated  at  Pine  City  are  all  of  one  and  the 
same  body  of  Cambrian  sediment,  no  longer  seems  to  admit  of  the  slightest 

*  The  copper-bearing  rocks  of  lake  Superior,  Monograph  v,  U.  S.  Geol.  Survey,  1883,  p.  246. 
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doubt.    They  are  therefore  here  regarded  as  one  and  the  same,  and  no 
discussion  of  their  age  will  be  entered  upon. 

THE  SAINT  CROIX  COPPER  RANOE 

It  is  in  the  small  area  lying  within  townships  42  and  43,  range  13 
west,  and  northeastward  that  the  highest  Keweenawan  rocks  of  the  dis- 
trict lie.  Along  the  north  side  of  the  Saint  Croix  river  and  within  the 
bed  of  the  stream  is  seen  a  series  of  sandstones  and  conglomerates  ex- 
tending for  some  miles.  Strong  describes  these  rocks,  according  to 
Chamberlin,  as  follows :  They  consist  "  of  a  red  sandstone  approaching 
in  its  variations  a  fine  conglomerate  on  the  one  hand  and  an  arenaceous 
shale  on  the  other,  and  containing,  embedded  in  it,  fragments  and  thin 
leaves  of  shale.  An  examination  of  the  granular  ingredients  shows  that 
it  was  derived  mainly  from  the  crystalline  igneous  beds  of  the  series.  Its 
dip  appears  to  be  10  degrees  to  the  southeast."  *  The  highest  beds  of  the 
Keweenawan  in  this  entire  district  are,  according  to  Irving,  at  the  Indian 
village  in  the  northwest  quarter  of  section  21,  township  42,  range  14  westt 
These  beds  are  mapped  by  him  and  the  Wisconsin  geologists  as  Upper 
Keweenawan.  It  would  seem  that  they  disappear  before  the  Minnesota 
exposures  are  reached.  The  Kettle  River  lava  flows  and  intervening 
*  conglomerate  beds  are  so  Jike  all  exposures  of  the  Lower  Keweenawan 
that  they  have  been  with  but  little  reserve  relegated  to  that  subdivision. 
If  these  be  I^ower  Keweenawan,  there  is  no  Upper  Keweenawan  in  this 
part  of  Minnesota. 

KETTLE  RIVER 

Along  the  Kettle  river  there  are  many  interesting  exposures  of  lava 
flows  and  conglomerates.  The  westernmost  are  in  section  22.  township 
41,  range  20  west,  mentioned  in  the  discussion  of  the  western  fault  line. 
On  both  sides  of  the  river  almost  a  contact  is  seen  between  the  diabase 
fLX^A  the  younger  Cambrian  sandstones.  The  exposures  extend  on  both 
sides  of  the  river  for  nearly  a  mile.  On  the  north  side  in  a  ravine  dry 
for  the  most  of  the  year  the  amygdaloidal  diabase  stands  up  in  a  sharp 
line  of  exposure  nearly  in  the  direction  of  the  strike,  dipping  some 
40  to  50  degrees  to  the  east.  On  the  west  bank  of  the  ravine,  and  scarcely 
10  feet  away  from  the  amygdaloid,  the  broken  sandstone  stands  in  an 
abrupt  escarpment.  The  sandstone  must  show  not  less  than  75  feet  with 
no  evidence  of  the  bottom  layers  in  sight.  Along  the  entire  distance  of 
the  contact  the  attitude  of  the  sandstone  is  that  of  a  greatly  disturbed 

•Geology  of  Wisconsin,  vol.  iii,  1880,  p.  424. 

t  R.  D.  Irving :  Tlie  copper-bearing  rocks  of  lake  Superior,  Monograph  ▼,  U.  S.  Geol.  Sarrey, 
1883,  p.  246. 
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formation ;  it  is  broken  into  blocks,  some  of  huge  dimensions  lying  in 
many  different  directions.  They  have  every  appearance  of  being  shat- 
tered by  profound  crustal  movements. 

Farther  down  the  river,  particularly  in  section  35  of  this  same  town- 
ship, are  some  well  marked  bluffs  on  the  east  side  of  the  river,  formed 
where  the  stream  cuts  into  amygdaloid  beds  in  the  direction  of  the  strike. 
The  strong  east  wall  is  of  the  crystalline  compact  portion  of  the  flow 
next  above  an  eroded  amygdaloid.  A  series  of  benches  is  noted  in  places 
where  the  direction  of  the  stream  has  caused  a  transfer  of  erosion  to  the 
westward  from  one  amygdaloidal  layer  to  another  still  lower.  The  dia- 
bases dip  east  40  degrees  and  more ;  the  strike  is,  in  general  terms,  south 
10  to  15  degrees  west,  magnetic. 

In  sections  10  and  15,  township  40,  range  20  west,  are  several  low  ex- 
posures. They  consist  of  the  two  usual  varietal  phases,  massive  and 
amygdaloidal.  Their  attitude  was  carefully  taken  and  the' average  meas- 
urement is:  strike,  south  10  degrees  west^  dip  eastward,  50  degrees — an 
average  which  shows  a.  steady  relation  to  the  exposures  farther  up  the 
river.  If  the  strike  and  dip  be  practically  unchanged,  this  easternmost 
locality  represents  a  thickness  of  5,000  feet  from  the  fault  line. 

For  several  miles  the  river  runs  in  a  southeasterly  direction  and  thus 
cuts  diagonally  across  the  strike.  Whenever  a  flow  of  more  than  usual 
hardness  is  crossed  a  reef  is  found. 

In  section  24  of  the  same  township  occurs  in  the  banks  of  the  stream 
a  conglomerate.  It.  appears  to  dip  westward  at  a  low  angle.  We  have 
here  probably  the  first  westward  dipping  Keweenawan  met  in  descend- 
ing this  stream.  It  lies  froip  li  to  1}  miles  in  a  direct  line  eastward  of 
the  strike  of  the  exposures  in  section  15,  which  most  certainly  dip  east-  * 
ward.  The  axis  of  the  syncline  is  therefore  located  within  a  few  hun- 
dred paces. 

It  would  thus  appear  from  the  nature  of  the  rocks  in  evidence  that 
the  great  thickness  of  the  upper  Keweenawan  sandstones  lying  along 
the  Saint  Croix  river  in  township  ranges  42,  43,  and  44  has  wholly  dis- 
appeared! Such  must  be  the  inevitable  conclusion  unless  the  small 
exposure  of  westward  dipping  conglomerate  in  section  24  be  a  remnant. 
In  section  19,  township  40,  range  19  west,  occur  the  Big  rapids  of  the 
Kettle  river.  The  stream  falls  many  feet  within  a  half  mile,  tumbling 
over  a  succession  of  westward  dipping  diabases.  At  one  place  favorable 
for  measurement,  the  strike  was  north  20  degrees  east  and  dip  west  20 
degrees  north  at  15  degrees.  These  rocks,  on  account  of  their  varying 
hardness  and  attitude  against  the  stream,  that  of  a  succession  of  dams, 
cannot  form  a  single  cataract. 
This  combined  circumstance  of  rock  habit  and  rock  attitude  doubtless 
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was  a  controlling  factor  in  holding  down  to  a  minimum  the  erosion  of 
the  Keweenawan  at  this  place.  The  amount  is  much  less  than  that 
along  the  Snake  river  at  Chengwatana. 

Just  below  the  Big  rapids  is  a  conglomerate  bed  100  feet  in  thickness. 
It  lies  conformably  with  the  lava  flows.  An  average  of  several  measure- 
ments gives  strike  south  10  degrees  west,  dip  131  degrees  west.  The 
varying  hardness  of  this  bed  forms  a  succession  of  reefs  across  the  riv^r, 
while  its  readier  disappearance  under  erosion,  as  compared  with  the 
more  crystalline  lava  flows,  is  the  probable  cause  of  the  rapid  cutting 
into  the  eruptives  immediately  above.  There  are  quite  diverse  textural 
characters  in  the  beds ;  some  layers  are  of  normal  sandstone,  while 
others  are  made  up  of  pebbles  of  large  size.  Quartzite,  quartz  por- 
phyry, felsite,  red  granite  or  augite  syenite,  gray  granite,  diabase,  and 
diabase  porphyry  are  among  the  rock  species  represented  by  these  well 
worn  fragments.  Underlying  this  conglomerate  are  more  lava  flows  iu 
normal  succession. 

Continuing  down  the  stream  three  other  conglomerate  beds  are  pa^^sed 
))ossessing  the  same  general  characters  as  the  one  below  Big  rapids. 

A  conglomerate  of  considerable  extent  lies  in  section  29  of  this  town- 
ship. Its  strike  varies  from  north  to  south  to  south  10  degrees  west, 
dipping  westerly  at  angles  varying  between  8  and  15  degrees.  Its  frag- 
ments vary  from  ordinary  sand  grains  to  good  sized  boulders.  Its 
thickness  is  estimated  at  50  feet,  and  it  is  separated  from  the  bed  below 
the  Big  rapids  just  described  by  possibly  two  or  three  lava  flows. 

In  section  32,  township  40,  range  19  west,  a  thin  bed  of  conglomerate 
overlies  an  extensive  bed  of  tuff*.     The  color  of  this,  as  of  the  other  clastic 
*  beds,  is  red,  and  the  fragments  making  up  the  material  of  all  the  mem- 
bers of  the  series  show  an  intimate  relationship  of  the  series  from  the 
lowest  to  the  highest. 

In  section  8,  township  39,  range  19  west,  lies  the  last  and  lowest  con- 
glomerate bed  of  the  Kettle  River  exposures.  Its  thickness  is  estimated 
at  50  feet.  It  is  more  arenaceous  than  either  of  the  beds  already  men- 
tioned.    In  strike  it  bears  more  westerly  than  the  others. 

The  lava  flows  which  lie  here  alternating  with  the  conglomerates  just 
located  possess  strikingly  similar  characters.  The  compact  lower  and 
middle  portions  of  each  are  followed  by  the  amygdaloid.  In  one  place, 
however,  is  an  interesting  variation  from  the  standard  type.  Along  a 
considerable  part  of  section  32,  township  40,  range  19  west,  lies  a  bed  of 
tuff".  The  rock  is  so  decomposed  that  specimens  can  scarcely  be  broken. 
Rather  frequent  calcite-filled  cavities  and  veins  occur.  Crystalline  layers 
are  associated  with  others  so  soft  and  decomposed  that  specimens  can uot 
be  dressed  from  them.     It  may  be  mentioned  in  passing  that  this  tuff 
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bed  directly  underlies  the  fourth  conglomerate  bed  noted  in  .the  Kettle 
River  succession.  A  tuff  underlies  the  fourth  conglomerate  bed,  de- 
scending the  ChAngwatana  series. 

THS  SNAKE  RIVBR  LOCALITIES 

So  far  as  seen,  the  rocks  of  the  Keweenawan  along  the  Snake  river  are 
confined  to  the  first  3  miles  below  Cross  lake.  This  lake  is  a  beautiful 
sheet  of  water  5  miles  long,  formed  through  the  obstruction  of  the  belt 
of  Keweenawan  rocks  to  stream  erosion.  Where  the  Snake  empties  into 
the  Saint  Croix  there  are  several  fine  exposures  of  Cambrian  quartzose 
sandstones,  typical  erosion  cuts  in  modified  drift,  and  an  extensive  area 
of  eolian  debris  lying  on  the  modified  drift  and  river  gravels.  The 
Keweenawan  lies  opposite  on  the  Wisconsin  side  of  the  Saint  Croix. 

The  Chengwatana  Series 
general  structural  characters 

The  lava  flows, — The  name  Chengwatana  has  been  assigned  for  facility 
of  description  to  a  series  of  eruptive  and  clastic  rocks  of  unusual  extent. 
The  flood  of  1898,  which  tore  away  the  dam  at  the  foot  of  Cross  lake 
and  poured  down  the  river  gorge  a  vast  volume  of  water,  cleaned  out  in 
an  admirable  manner  for  examination  the  channel  of  the  stream  for 
several  miles. 

The  Chengwatana  dam  rests  on  diabase.  This  rock  occurs  as  a  sue. 
cession  of  lava  flows.  Each  flow  is  characterized  by  three  readily  dis- 
tinguished divisions :  (1)  A  lower  massive  part,  finely  crystalline,  finely 
shattered,  and  only  a  few  inches  in  thickness.  Its  rough  and  irregular 
bottom  layer  gradually  becomes  more  coarsely  crystalline  upward  until 
it  mingles  into  (2)  the  main  mass  of  the  flow.  This  part  is  of  medium 
texture,  dark  color,  and  quite  free  from  amygdules  or  other  cavities  in- 
dicating the  presence  of  gaseous  ejecta  when  solidification  took  place. 
There  is  some  difference  in  texture  as  different  flows  are  compared.  The 
thicker  ones  are  coarser  and  more  distinct  in  their  crystalline  char- 
acters, and  the  ophitic  habit  is  far  more  pronounced ;  they  are  more 
coarsely  jointed  ;  the  rock  seems  fresher.  (3)  The  upper  portion,  which 
is  amygdaloidal  and  in  several  instances  tuffaceous.  The  upper  surface 
of  each  flow  is  rough,  sometimes  showing  considerable  erosion.  On  thia 
surface  the  next  succeeding  flow  adjusted  itself  in  such  manner  that 
there  is  no  dif&culty  in  detecting  the  division  plane  between  the  amygda. 
loid  and  the  finely  crystalline  and  sometimes  devitrified  bottom  layer  of 
the  next  succeeding  flow.    The  amygdaloidal  holes  vary  in  size  from 
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minute  spherical  cavities  to  those  the  size  of  inarronrat  peas.  Occa- 
sionally some  are  lai^erand  vary  greatly  in  shape  from  the  usaal  spherical 
and  elliptical  forra.  All  are  filled,  or  partially  filled,  with  seconclary 
minerals,  l^umonite  seems  to  be  the  principal  one,  while  calcitei.i 
abundant.  Ix>caUy  the  cavities  have  a  lining  of  quartz  attached  to  the 
wall  in  a  crystalline  filra  from  which  project  toward  the  center  of  the 
cavity  numlwrless  pyramids  of  quari,z  crystals.  These  caviUes  new 
ap|)ear  to  be  only  partially  filled. 

The  flows,  of  which  the  foregoing  is  a  generally  applicable  description, 
extend  in  continueus  super(>o8ition  down  the  river  for  nearly  3  miles, 
those  at  the  dam  being  the  bottom  of  the  visible  series.    There  is  great 


Piavai  l.-'Slieteh  ocrrw  a  lypit/il  Lava  l^w,  ChengieatAna  Seritt. 
Thli  Haw  Ib  30  feet  thick  and  lies  belween  (wo  oaDglomente  b«da. 

diversity  in  thickness.  In  fact,  in  the  entire  distance  there  are  no  two 
alike,  either  in  total  thickness  or  in  the  proportions  of  the  compact  and 
amygdaloidal  parte  into  which  every  flow  can  be  subdivided.  The 
thinnest  flow  is  not  more  than  8  feet  in  thickness,  yet  it  presents  all  the 
characters  of  the  thicker  ones.  Prom  this  thinness  all  measurements 
are  noted  up  to  '200  feet,  the  thickest  flow  seen  in  the  series. 

Associated  with  the  foregoing  structural  characters  are  stilt  others. 
Some  of  the  beds  display  a  conspicuous  tendency  to  concentric  weather- 
ing. As  the  blocks  separate  through  temperature  changes,  and  particu- 
larly freezing,  the  angles  and  edges  disappear  rapidly,  and  the  matenal 
cracks  and  peels  off  in  concentric  layers  which  vary  in  thickness  to  some 
extent  with  the  size  of  the  blocks  suffering  disint^ration. 
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There  are  color  contraats.  All  the  rocks  are  dark  ;  some  are  quite 
black,  (neh,  and  ringing,  while  others  are  brown  and  dull,  and  when 
struck  with  the  hammer  develop  a  reddish  powder  which  is  perhaps  the 
normal  color  of  the  decomposed  ruck. 

Tlie  conghm^ate  beds. — Within  this  Chengwatana  series  of  lava  flows 
are  no  less  than  5  conglomerate  beds.  The  first  one,  descending  the 
river  from  the  bridge  and  dam  along  the  south  side,  is  reached  in  little 
more  than  half  a  mile.  This  bed  iu  only  ii  feet  in  thickness  and  made 
up  of  pebbles  an  inch  and  less  in  diameter.  Quartz  veins  are  conspic- 
uous, running  in  many  directions.     The  pebbles  are  much  decomposed. 
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yet  distinct  enough  to  be  recognized  as  of  the  volcanic  material  of  this 
locality.  Passing  over  10  or  11  Sows  attaining  a  total  thickness  of  at 
least  475  feet,  another  bed  of  conglomerate  is  reached,  best  seen  on  the 
north  side  of  the  river.  Crossing  another  lava  flow  of  30  feet  (see  figure 
1),  of  which  5  feet  is  a  beautiful  amygdaloid,  a  third  conglomerate  bed  102 
feet  thick  is  reached.  This  is  the  thickest  conglomerate  in  the  series.  It 
resists  weathering  more  strongly  than  the  lava  flows,  as  is  shown  by  the 
prominent  ridge  which  stretches  northward  from  its  outcrop  until  con- 
cealed beneath  the  glacial  drift.  Crossing  6  more  lava  flows,  another 
conglomerate  nearly  50  feet  in  thickness  is  found,  and  soon  a  fifth,  but 
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thinner  bed  of  this  samecbistic  material  is  reached.    This  is  identical  in 
petrographic  characters  with  the  four  preceding  beds. 

ATTITUDE  OF  THE  SBRIBS 

The  attitude  of  all  these  conglomerate  beds  is  substantially  the  same, 
and  identical  with  that  of  the  diabase  flows,  the  strike  being  north  10 
degrees  east  and  dip  east  67  degrees.  Here  and  there  are  indications  of 
slight  movement,  as  slickensides  and  fractures ;  a  few  occurrences  of  a 
thoroughly  fractured  condition  of  the  rocks  is  noticeable,  but  nowhere 
is  a  fault  line  seen.  The  inference  is  clear  that  the  rocks  from  one  end 
of  the  section  to  the  other  are  continuous  and  represent  a  vast  succes- 
sion of  flows  and  clastic  beds  lying  one  on  the  other  without  a  break. 

THE  LIMITS  OF  THE  SERIES 

It  must  be  assumed  that  the  lava  flows  at  the  dam,  while  not  deter- 
mined to  be  lowest,  are  among  the  bottom  flows  of  the  series.  There  is 
an  absence  of  any  surface  features  north  or  south  suggestive  of  changed 
rock  conditions;  yet  it  must  be  concluded  that  the  fault  plane  which 
the  artesian  well  H  miles  away  brings  into  such  strong  probability  i» 
quite  near  the  dam. 

It  is  no  easier  to  assume  the  eastern  limit  or  top  of  the  series.  The 
easternmost  exposure  is  said  by  Mr  J.  F.  Stone  to  be  near  the  mouth  of 
a  small  creek  entering  the  Snake  in  the  southwest  quarter  of  section  19. 2\ 
miles  across  the  strike  from  the  lowermost  flow  in  Bight  at  Chengwatana. 
The  dip  at  this  point  is  said  to  be  the  same  as  at  points  well  exposed  - 
that  is,  around  67  degrees  east ;  yet  if  the  lava  flotts  exposed  on  the 
Kettle  river  be  projected  across  the  intervening  country  to  the  Snake 
river,  the  strike  of  the  uppermost  flow  seen  on  the  former  stream  will 
cross  the  latter  near  the  middle  of  section  28,  or  2}  miles  due  east  of 
the  exposure  in  section  19,  just  mentioned.  Thus  a  total  distance  of  4i 
miles  is  secured  as  the  breadth  of  the  western  side  of  the  great  syncline 
which  stretches  from  Keweenaw  point  south  westward  beyond  Stillwater, 
Minnesota. 

THICKNESS  OF  THE  CHENGWATANA  SERIES 

The  total  thickness  of  the  65  lava  flows  measured  and  their  associated 
conglomerate  beds  is  over  4,000  feet  (see  plate  27,  figure  2).  This  is  not  all 
the  series ;  the  distance  across  the  strike  to  the  point  in  section  19  where 
the  rocks  are  last  seen  is  2i  miles ;  at  the  same  eastward  dip,  as  was  meas- 
ured on  the  rocks  in  sight,  the  total  thickness  to  this  point  is  10,940  feet : 
yet  the  exposure  in  section  19  is  only  one-half  the  distance  to  the  line 
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of  strike  of  the  easternmost  eastward  dipping  exposures  seen  and  meas- 
ured on  the  Kettle  river.  Assuming  that  the  dip  of  the  first  half  be  that 
at  Cbengwatana,  and  of  the  remaining  distance  that  on  the  Kettle  river, 
section  15,  township  40,  range  20  west,  namely,  50  degrees  east,  the  total 
thickness  of  the  flows  and  conglomerates  of  the  Snake  river  is  nearly 
20,000  feet.  In  view  of  the  fact  that  nowhere  in  Douglas  county,  Wis- 
consin, on  the  Kettle  river,  nor  along  the  Snake  has  any  evidence  of  fault- 
ing been  seen  within  the  flows  beyond  the  ordinary  slickensides  incident 
to  the  upturning  of  such  enormous  masses  of  rock,  this  must  be  regarded 
as  a  very  conservative  estimate  of  the  thickness  of  the  series. 

Again  this  thickness, taken  in  connection  with  the  measurements  shown 
by  Irving  for  the  north  shore  of  22,000  feet ;  the  Keweenaw  point  succes- 
sion of  25,000  feet  for  the  lower  division  alone,  and  that  at  Maimaisne 
promontory,  20,000  feet,  is  an  easily  conceivable  amount ;  yet  for  a  dis- 
trict  so  far  away  from  lake  Superior,  it  is  certainly  unexpected. 

PETBOQBAPHY  OF  THE  SERIES 

Stniclural  characters. — The  conglomerates  require  but  a  word  of  further 
description.  They  have  been  described  in  several  paragraphs  stating 
their  salient  field  characters.  They  show  here  and  there  some  evidence 
of  crushing;  slight  faulting  is  rarely  seen.  The  compacting  of  the  rock 
until  the  finer  particles  or  matrix  of  the  pebbles  begin  to  assume  a  crys- 
talline aspect,  as  shown  in  the  Keweenawan  conglomerates  farther  north, 
is  nowhere  detected.  Veins  are  rather  rare,  and  when  seen  are  not  more 
than  2  or  3  inches  wide.  As  a  distinct  rock,  sandstones  need  not  be 
mentioned,  since  they  are  associated  with  the  conglomerates  simply  as 
local  modifications  of  them.  Ripple  marks,  cross-bedding,  interpolated 
boulder  beds,  etcetera,  are  among  the  usual  structural  features  of  the  finer 
layers.  The  breccias  and  tuffs  of  Taylors  Falls  present  no  special  struct- 
ural characters.  The  diabases  occur  in  a  series  of  lava  flows  possessing 
the  usual  structural  characters  of  such  rock  masses.  In  every  part 
great  changes  from  the  original  condition  of  the  rock  are  clearly  in  evi- 
dence, and  they  seem  to  bear  close  relationship  tg  the  physical  condition 
of  the  lava  beds.  If  badly  shattered,  the  mineral  condition  is  largely 
changed;  if  compact  or  fractured  but  slightly  beyond  the  ordinary  con- 
version of  a  crystallizing  mass  into  blocks,  their  sections  exhibit  a  rock 
of  much  freshness.  A  few  of  the  flows  exhibit  a  markedly  concentric 
weathering  (see  figure  2).  Samples  can  be  broken  showing  a  dozen  or 
more  concentric  layers  which  peel  off  readily  under  the  hammer.  More 
rarely,  and  yet  among  the  freshest  rocks  anywhere  seen,  is  an  apparent 
banding.    When  rocks  are  broken  sufficiently  deep,  this  proves  to  be 
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related  to  the  arrangement  of  minerals  with  each  other  somewhat  as 
gneisses  differ  from  granites. 

The  amygdaloids  are  not  peculiar.  They  vary  greatly,  of  course,  in 
frequency  of  vesicles  and  in  the  mineral  species  filling  the  same. 

Textural  characters. — The  principal  factor  in  determining  the  texture  of 
the  diabases  would  seem  to  be  the  thickness  of  the  several  flows  of  the 
diabase  succession.  In  the  field  it  is  seen  that  the  flows  measuring  but 
a  few  feet  in  thickness  are  finely  textured.  There  is  nowhere  in  the 
midst  of  the  flows  any  trace  of  an  existing  or  of  a  past  vitreous  condi- 
tion beyond  the  finely  crystalline  and  greatly  altered  bottom  layers, 
which  bear  frequent  evidence  of  devitrification.  The  porphyritic  habit 
is  often  developed.  This  seems  to  be  more  characteristic  of  the  thicker 
flows  and  the  amygdaloidal  layers  than  of  the  more  usual  rock  masses 
of  compact  habit. 

LUhologic  characters, — Lithologically  considered,  the  rocks  must  be  dis- 
cussed under  two  divisions,  clastic  and  eruptive.  Incidentally  the  entire 
area  is  brought  in  review. 

The  elastics  are,  first  of  all,  conglomerates.  While  exhibiting  a  wide 
range  in  texture,  they  occur  in  several  well  defined  beds,  which  are  in 
the  profiles  carefully  indicated.  Their  color  is  prevailingl}^  red  or  reddish 
brown.  They  represent  a  wide  range  of  material— diabases,  amygdaloids, 
diabase  porphyrites,  gabbros,  granites,  felsites,  quartz  porphyries,  quartz- 
ites,  sandstones,  and  others.  Boulders  as  large  as  20  and  24  inches  in 
diameter  occur,  but  usually  of  average  size.  It  is  seen  at  once  that  this 
material  was  derived  from  a  comparatively  large  geographic  area,  as  well 
as  a  wide  petrographic  province.  All  the  rocks  named  occur  in  the  l^ake 
Superior  basin  and  upper  Mississippi  valley,  but  several  of  the  species 
are  not  now  known  to  occur  within  50  and  75  miles  of  these  boulders, 
nor  have  they  been  seen  anywhere  to  the  south  of  the  beds.  Other  rock 
species — that  is,  vitreous  quartzites — again,  have  been  seen  nowhere  to 
the  north,  but  they  do  occur  in  extensive  formations  east  and  southwest 
of  this  locality.  No  fossils  have  thus  far  been  found.  Native  copper  is 
present,  but  in  such  small  quantities  that  mining  operations  have  never 
passed  beyond  the  expldtatory  stage. 

Doctor  Berkey  was  the  first  to  note  the  occurrence  of  clastic  rocks 
within  the  eruptive  flows  at  Taylors  Falls  and  Saint  Croix  Falls.  Instead 
of  intraformational  elastics,  he  considered  them  simply  as  breccias, 
formed  intermittently  throughout  the  period  of  volcanic  activity.*  The 
breccia  as  a  rock  type  is  very  obscure,  since  it  is  as  hard  and  compact 
as  other  portions.  Close  inspection  discloses  that  the  fragments  of  dia- 
base are  irregular,  of  all  sizes,  and  lie  imbedded  in  a  matrix  of  finely 

*  Geology  of  tho  Saint  Croix  Dalles.    Atncr.  Geologist,  vol.  zxi,  18d8,  pp.  145,  14«. 
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crystalline  secondary  minerals,  chiefly  epidote  and  quartz.  It  occurs  in 
the  division  zones  between  flows.  A  volcanic  ash  was  difScovered  at 
division  planes  between  flows,  a  discovery  which  substantiated  in  a  very 
convincing  manner  the  subdivision  of  the  series  aa  indicated.* 

A  breccia  between  lava  flows  occurs  whenever  the  surface  of  a  flow  is 
safficiently  vesicular  and  ragged  to  be  crushed  into  a  broken  mass  by 
the  weight  and  movement  of  the  next  succeeding  lava  stream.  The 
material  is  therefore  excellent  evidence  of  the  existence  of  a  succession 
of  thinner  flows  instead  of  a  single  enormous  outpouring  of  material. 
Jjocally  there  would  be  accumulated  an  abundant  mass  of  cindery  debris. 
If  this  be  rolled  beneath  the  advancing  stream,  a  gravelly  habit  could 
be  induced.  Such  seems  to  have  been  the  caveat  Taylors  Falls,  and  the 
material  is  in  no  sense  to  be  regarded  as  an  intraformational  conglom- 
erate, if  Doctor  Berkey  be  correctly  interpreted. 

Geikie,  in  his  discussion  of  agglomerates,  defines  these  products  as 
*'the  coarser  fragmentary  materials  thrown  from  volcanic  vents,'^t  ^^^ 
these  again  are  angular  or  rounded  ;  the  angular,  collected  in  sheets  or 
strata  outside  the  vent,  if  coarse  is  breccia,. and  if  finer  is  comprehended 
under  the  general  name  of  tufls,  while  the  rounded  materials  are  con- 
glomerates or  sands,  according  to  the  state  of  comminution.  Among  the 
earlier  explosions  of  a  volcano,  fragments  of  non-volcanic  rocks  may  be 
included  in  the  pyroclastic  detritus. 

At  Taylors  Falls  the  brecciated  habit  of  the  rocks  under  consideration 
is  obscure,  owing  to  the  hard  and  compact  nature  of  the  rock.  Indeed, 
this  rock  is  fully  as  resistant  as  other  portions  of  the  mass.  Inspection 
shows  that  it  consists  of  fragments  of  diabase,  '*  angular,  irregular,  and 
of  all  sizes,  imbedded  in  a  matrix  of  finely  crystalline  secondary  min- 
erals, chiefly  epidote  and  quartz. "|  Its  place  of  occurrence  is  along  the 
division  zone  between  two  flows.  At  other  division  zones  a  minerally 
saturated  and  now  compact  ash  was  subsequently  discovered  and 
accepted  as  confirmatory  proof  of  the  accuracy  of  the  earlier  conclusion 
touching  the  incidental  nature  of  the  breccia,  and  the  association  of  the 
two  is  taken  as  proof  of  the  existence  of  a  series  of  lava  flows  at  this 
locality  instead  of  an  enormous  dike,  as  is  too  commonly  supposed. 

In  quantity  the  amount  of  breccia  and  tuff  in  the  Minnesota  localities 
is  small  compared  with  the  enormous  masses  noted  by  Geikie  in  his 
examples  §  of  volcanic  activity  during  the  Tertiary  volcanic  period  in 
Britain,  and  by  Iddings  around  Electric  peak.||     Another  character  of 


•  Ibid,  p.  146. 

t  Ancient  Volcanoes  of  Oreat  Britain,  vol.  i,  1899,  p.  31. 

♦  Berkey,  loc  clt.,  p.  146. 

2  Sir  A.  Geikie  :  Ancient  Volcanoes  of  Great  Britain,  toI.  1,  1897,  p.  32. 

I  The  eruptive  rocks  of  Electric  peak  and  Sepulchre  mountain,  Yellowstone  National  Park. 
12th  Ann.  Kept.  Director  U.  8.  Geol.  Survey,  1892,  p.  634. 
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the  breccia  of  Taylors  Falls  is  its  completely  altered  condition.  It  re- 
quired the  close  discrimination  of  microscopic  investigation  to  identify 
it.  It  had  never  been  detected  prior  to  Doctor  Berkey's  investigations 
by  any  of  the  geologists  who  explored  the  district.  Breccias  and  tuffs 
are  closely  associated.  They  form  a  bed  about  20  feet  in  thickness  at 
its  maximum.  Their  compacted  character  makes  it  difficult  without 
close  inspection  to  distinguish  them  from  ordinary  diabase.  Volcanic 
breccias  and  tuffs  will  doubtless  prove  rather  frequent  rocks  in  the  Lake 
Superior  region.  Clements  describes  them  in  the  Crystal  Falls  district 
as  attaining  a  thickness  of  500  feet,  and  still  no  means  was  afforded  of 
determining  their  total  thickness.* 

The  eruptives  display  considerable  variety  of  rock  characters,  due  to 
their  genetic  habit — that  of  a  series  of  lava  flows.  The  compact  and 
amygdaloidal  phases  with  their  several  structural  types  have  already 
been  mentioned.  The  former  is  of  a  granitic  to  porphyritic,  granular  or 
ophitic  textural  habit;  the  latter  texture  is  shown  in  the  mottled  ap- 
pearance brought  out  by  weathering,  which  in  later  stages  develops  into 
a  deeply  pitted  condition  of  the  surfaces.  The  examination  of  the  local- 
ity does  not  show  any  relationship  between  position  in  the  series  and 
textural  conditions.  Locally,  a  porphyroidal  habit  is  seen,  confined  in 
its  distribution  chiefly  to  the  amygdaloidal  phases  of  the  rock. 

The  more  conspicuous  character  of  the  diabases  is  a  prevailingly  dark 
color,  which  is  in  some  flows  a  dark  green  to  black ;  in  others  a  dark 
brown.  From  these  as  foundation  colors  green>  obtains  when  the  altera- 
tion has  produced  a  considerable  proportion  of  chlorite,  and  brown  when 
a  ferric  oxide  has  formed. 

Gradually  and  quite  steadily  upward  from  the  bottom  of  each  flow 
the  texture  becomes  coarser.  Texture  is  not  always  the  same  ;  it  varies 
with  the  thickness  of  the  flow,  and  thus  becomes  an  item  of  evidence  in 
working  out  the  history  of  the  units  of  the  series.  Locally,  variations 
were  noted.  A  concentric  weathering  is  one  variation.  It  occurs  in 
thick  and  thin  flows  alike,  but  seems  to  be  conflned  to  the  granular 
textured  rock  (see  figure  2).  In  two  or  three  other  flows  of  a  decidedly 
ophitic  habit,  banding  is  seen.  Its  origin  is  obscure,  since  it  seems  to 
run  at  riglit  angles  to  the  direction  of  bedding.  The  foregoing  structures 
seem  to  occur  without  regard  to  the  nature  of  the  original  or  existing 
mineral  constituents. 

It  is  in  the  upper  vesicular  portions  that  the  greatest  changes  are  seen. 
These  consist  in  the  deposition  of  new  minerals  within  the  vesicles  of 
the  amygdaloid  ;  in  the  form  of  pseudo-amygdaloid  through  the  replace- 

^  The  Crystal  Falls  iron-bearing  district  of  Michigan.    Monograph  xxxvi,  U.  S.  Geol.  Surrey, 
1891),  p.  141.  » 
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ment  of  the  primary  minerals  in  such  a  manner  as  to  present  to  the  un- 
aided eye  an  aspect  very  like  the  true  amygdaloidal  structure.  This 
pseudo-structure  is  not  confined  to  the  amygdaloid ;  it  has  invaded  the 
lower  and  compacter  portions  of  the  flows  and  modified  them  to  a  greater 
or  less  degree. 

Rock  aUeratian. — Decomposition  has  progressed  further  in  the  amyg- 
daloidal than  in  the  compact  portions.  In  many  instances  the  amygda- 
loid exhibits  a  distinct  flowage  structure  in  the  parallel  arrangement  of 
its  constituent  minerals,  as  well  as  in  the  elongated  form  of  the  amyg- 
dules.  There  is  a  marked  mineralogical  difference  in  the  several  flows 
of  any  given  succession. 

Tke  secondary  minerals. — The  vesicles  are  more  or  less  filled  with 
secondary  minerals,  laumontite,  calcite,  quartz,  epidote,  kaolin,  and 
chlorite  being  the  more  common  ones.  Sometimes  the  ci^vities  are  com- 
pactly filled  from  circumference  to  center,  at  other  times  only  partially 
80.  It  may  be  that  in  these  latter  cases  the  material  has  suffered  de- 
composition and  removal,  thus  through  a  still  more  complex  series  of 
stages  attaining  existing  conditions.  Empty  cavities  are  in  some  in- 
stances seen — a  condition,  it  is  suspected,  due  to  the  circumstance  that 
they  lie  above  the  datum  line  of  the  formation,  and  are  thus  subject  to 
the  dissolving  as  well  as  depositing  effects  of  percolating  waters.  The 
walls  of  such  partially  filled  amygdules  are  finely  textured  aind  bear 
evidence  of  the  rapid  cooling  incident  to  the  gaseous  filling  and  expansive 
force  of  the  vapor  of  water  with  which  the  flow  ascended  and  came  into 
the  zone  of  rock  cooling  and  solidification.  The  usual  phenomena  of  de- 
vitrification are  strikingly  clear  in  some  thin-sections  of  the  amygdaloid. 

Source  op  the  Eruptives 

Nowhere  in  this  region  is  there  seen  a  suggestion  of  volcanic  craters. 
The  flows  beginning  to  the  eastward  of  Pratt,  Wisconsin,  and  extending 
west  and  southward  beyond  Chengwatana,  Minnesota,  are  traced  from 
river  gorge  to  river  gorge  more  than  100  miles.  The  contour  of  the 
country  and  its  general  petrographic  habit,  the  lithology  and  physical 
characters  of  the  rocks  themselves,  and  the  well  known  conditions  of  out- 
pour and  flow  as  seen  in  existing  volcanoes  do  not  suggest  a  single  spot 
which  may  be  regarded  as  the  single  seat  of  eruptive  activity  or  the' 
center  of  a  group  of  volcanic  vents. 

Existing  volcanoes  pour  out  streams  only  a  few  miles  long.  Localities 
have  been  studied  which  afford  a  series  of  vents  forming  long  volcanic 
lines.  Such  Geikie  points  out  in  Great  Britain.  In  Iceland  the  craters 
are  in  rows  so  situated  that  they  complement  each  other  in  the  sum  total 
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of  work  accornpluhed^,  In- 
de««L  *^the  fan«laiiiental  feat- 
ure in  the  Icelandic  eraptiona 
M  the  prorl  action  of  fiB^mree 
which  reach  the  surface  and 
discharge  <9tream«  of  lara  from 
many  fMiint</'  Such  fisdares 
can  \pe  followed  nearly  50 
mile«.* 

Duttoii  df-sorihes  the  Great 
Hurricane  fault  of  the  Plateau 
region,  a  fiH-sare  more  than  200 


miles  long,  which  is  a 
line  of  displacement 
and  Tolcanicactivitv.T 
Dana  J     represents 
the  Hawaiian  islands 
as  a  group  of  centers  of  vol- 
canic activity  extending  sev- 
eral hundred  miles  beneath 
the  Pacific  ocean. 

It  would  seem  that  the  dis- 
trict under  investigation  may 
be  compared  with  those  men- 
tioned by  Geikie,  Button,  and 
Dana  in  the  ge<^raphical  position  of  the 
sources  of  supply,  and  in  the  nature  of 
the  force  which  ejected  it 

If,  again,  the  question  of  time  be  taken 
into  consideration,  it  would  seem  that 
with  Strong  |we  must  consider  it  a  period 
of  deposition  of   detrital    matter.    Tliis 

*Sir  A.  Geikie:  Ancient  Volcanoes  of  Orent  BrtUin, 
vol.  ii,  1897,  p.  262. 

fC.  E.  Dutton  :  Tertiary  history  of  the  Grand  Canyon 
district.  U.  S.  Geol.  Surrey,  Monograph  ii.  The  Hurri- 
cane fault,  pp.  112-117. 

X  Jos.  I).  Dana :  Characteristics  of  Volcanoes,  1891,  p.  36. 


Fiouas  Z.— Diagrammatic  Sketch  of  Fault  Line  VenUfrom  which  Diabase  pot$iMyJU>%eed.  (After  Geikie.) 
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period  was  repeatedly  interrupted,  but  not  suspended,  by  the  igneous 
outpourings.^  It  is  more  in  harmony  with  the  accepted  basis  of  geolog- 
ical chronometry  to  regard  the  perioil  as  one  of  long-continued  detrital 
deposition  interjected  with  the  many  separate  beds  of  outpoured  lava. 
The  cataclysms  incident  to  the  formation  of  these  lava  flows,  though 
striking  in  their  results,  were  very  brief  in  their  activity  and  local  in 
their  prevalence,  while  the  detrital  accumulations  must  have  been  vast 
in  their  periods  and  widely  represented  by  equivalent  deposits. 

Development  op  the  Fault  Line 

Interpreting  events  in  the  light  of  the  foregoing  discussion,  the  follow- 
ing sequence  is  suggested  in  the  development  of  the  great  fault  line : 

A  line  of  weakness  stretches  westward  and  southward  from  the  Lake 
Superior  basin.  West  of  the  southern  50  or  more  miles  there  lay  a  belt 
of  Keewatin  sediments  and  eruptives  not  less  than  15,000  feet  in  thick- 
ness extending  into  central  Minnesota,  whife  to  the  east  of  it  there  is  not 
a  trace  of  this  load.  Such  a  line  of  weakness  once  clearly  defined  by 
crustal  conditions  would  naturally  determine  the  position  of  that  long 
line  of  volcanic  vents  necessary  to  afford  the  supply  of  lava  in  the  flows 
of  Minnesota  and  Wisconsin,  so  remarkable  in  number  and  long  stretch 
of  surface  covered  by  them.  A  fault  line  was  clearly  determined,  either 
before  the  lava  was  poured  out  or  during  the  long  period  of  alternating 
volcanic  activity  and  sea  erosion  represented  by  the  rocks  herein  de- 
scribed. The  outpouring  of  lavas  conspired  with. the  uplift  of  the  sur- 
face southeast  of  the  fault  line  to  raise  the  contiguous  edge  of  the  flows 
and  tilt  the  rocks  into  the  position  they  have  assumed.  The  Cambrian 
sandstones,  accumulating  probably  from  areas  eroded  to  the  north  and 
west,  filled  the  sunken  areas  and  overwhelmed  the  lava  flows.  The 
sliding  of  the  rocks  continued,  and  these  sandstones  became  involved 
in  the  movement,  so  that  now  the  junction  of  the  Cambrian  and  Kewee- 
nawan  is  a  fault-line  contact  along  which  the  latter  is  crushed  and  shat- 
tered for  400  feet  and  more,  according  to  Professor  Grant,t  and  the 
former  is  profoundly  displaced  J  or  broken  and  dislocated  into  blocks 
in  such  hopeless  confusion  that  the  formation  attitude  can  not  be  deter- 
mined. The  amount  of  displacement  is  great ;  at  Ashland,  at  least  3,500 
feet ;  at  Chengwatana,  how  much  more  than  700  feet  can  not  yet  be  told. 

That  the  faulting  is  great  is  further  indicated  by  the  heavy  dip  south- 

*  Geology  of  Wisconsin,  vol.  iii,  1880,  p.  393. 

t  Preliminary  report  on  the  copper-bearing  rocks  of  Doaglas  county,  WiMconsin,  p.  18  and  pi.  v. 
Published  by  the  State,  1900. 
I  Ibid.,  p.  20  and  pi.  vi. 

XLVIII— Boi.l.;.Gbol.  Soc.  Am.,  Vol.  J2.  1900 
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ward  and  eastward  of  the  lava  beds  and  associated  conglomerates.  The 
displacement  must  have  been  a  continuous  process,  extending  through 
several  periods  of  geologic  history  ;  that  it  was  partly  pre-Cambrian  is 
shown  by  horizontal  sandstones  lying  on  the  edges  of  Keweenawan 
lavas,  as  in  the  Saint  Croix  valley  ;  that  it  was  post-Cambrian  is  shown 
by  the  contacts  everywhere  of  crushed  and  shattered. rocks,  both  Kewee- 
nawan and  Cambrian ;  that  it  was  intra-Cambrian  is  a  strong  probability 
in  the  problem,  since  Cambrian  time  was  long  and  only  in  part  repre- 
sented by  the  rock  formations  of  this  region ;  that  it  was  partly  post- 
Ordovician  is  suggested  by  the  beds  of  Trenton  limestone  in  Washington 
county,  Minnesota,  lying  200  feet  higher  than  the  same  beds  at  Minne- 
apolis, both  areas  being  horizontal  and  only  12  miles  apart. 

There  is  everywhere  in  the  upper  Mississippi  and  Saint  Croix  regions 
evidence  that  local  crustal  mbvements  have  been  comparatively  slight 
since  Eo-Paleozoic  time — at  least,  such  displacement  phenomena  as  we 
have  described  are  not  yet  elsewhere  shown. 

Summary 

The  foregoing  discussion  may  be  summarized  under  the  following 
eight  propositions : 

1.  The  district  is  quite  level  and  unbroken,  not  only  in  its  modern 
features  but  in  those  pertaining  to  every  geologic  age  since  the  Kewee- 
nawan. River  erosion  is  very  recent,  and  its  exhibitions  of  water  work, 
save  in  the  gorge  of  the  Saint  Croix,  are  post-Glacial.  In  that  gorge  are 
evidences  of  work  performed  during  a  pre-Glacial  or  inter-Glacial  period 
of  baseleveling. 

2.  The  Keweenawan  rests  unconformably  on  the  earlier  rocks  and 
is  in  turn  overlain  by  the  Cambrian  in  unconformable  superposition. 
Its  rocks  represent  a  long  period  of  sediment-building  interrupted  by 
seasons  of  volcanic  activity.  Judging  from  the  character  of  the  rockd 
formed  during  this  time,  the  energy  and  frequency  of  the  volcanic  out- 
bursts waned  to  a  state  of  perfect  quiet  during  the  period  designated 
Upper  Keweenawan.     Then  the  Cambrian  was  ushered  in. 

3.  The  eastern  Minnesota  Keweenawan  area  is  a  synclinal  trough, 
each  side  of  which  is  a  series  of  lava  flows  and  conglomerates.  The 
succession  along  the  east  side,  as  seen  in  the  gorge  of  the  Saint  Croix 
river,  dips  westward  at  10  degrees  about  the. mouths  of  Kettle  and  Snake 
rivers,  where  some  2,500  feet  of  rocks  are  in  sight,  and  at  15  degrees 
southwestward  at  Taylors  falls,  where  on  both  sides  of  the  Saint  Croix 


SUMMARY  339 

river  at  least  6,000  feet  of  lava  beds  and  tuff  deposits  occur.  On  the 
west  side  of  the  syncline  the  series  is  sharply  defined  by  a  fault  line 
from  which  the  lava  flows  dip  eastward  at  a  sharp  angle.  Along  the 
Kettle  river  the  dip  is  as  high  as  50  degrees,  and  on  the  Snake  it  reaches 
an  average  inclination  of  67  degrees.  These  flows,  as  the  outcrops  on  the 
two  streams  from  7  to  10  miles  apart  are  correlated,  attain  a  thickness 
of  20,000  feet,  comparable  in  extent  with  the  Keweenawan  of  the  north 
shore  of  lake  Superior  along  the  Minnesota  coast,  the  south  shore  on 
Keweenaw  point,  and  the  more  extreme  eastern  beds  of  Maimaisne 
point. 

4.  The  Snake  River  outcrops  at  Chengwatana  are  called  the  Chengwa- 
tana  series.  They  exhibit  a  series  of  65  lava  flows  and  5  conglomerate 
beds  in  continuous  succession,  with  neither  the  base  nor  the  summit 
exposed.  The  lava  flows  are  typical,  presenting  the  finely  crystalline 
base,  mediumly  crystalline  middle  part,  and  amygdaloidal  upper  part 
strongly  in  evidence.  The  visible  flows  can  be  traversed  for  3,500  feet 
in  vertical  thickness,  while  the  entire  series  probably  attains  the  thick- 
ness named  in  paragraph  3. 

5.  The  petrographic  characters  are  described  as  exhibited  in  the  two 
groups  of  rocks,  elastics  and  eruptives.  The  former  are  (1)  conglomer- 
ates, with  the  specific  characters  incident  to  this  region,  and  (2)  breccias 
and  tuffs  lying  between  the  lava  flows  and  usually  thoroughly  consoli- 
dated. The  latter  are  diabases,  either  compact  or  amygdaloidal,  and 
usually  of  the  ophitic  type.  The  prevailing  colors  are  dark.  In  places 
the  mottled  appearance  prevails  peculiar  to  ophitic  diabases  in  the  Lake 
Superior  region.  A  porphyritic  habit  is  here  and  there,  and  a  marked 
concentric  weathering  is  seen  in  a  few  of  the  flows. 

6.  In  discussing  the  source  of  the  eruptives  the  failure  to  discover  vol- 
canic vents  is  stated,  and  the  probability  of  a  series  of  vents  located 
along  the  fault  line  is  named.  The  plausibility  of  this  explanation  is 
seen  as  the  extent  of  the  fault  line  is  considered  in  connection  with  the 
large  number  of  consecutive  flows  which  can  be  counted  along  the  west 
side  of  the  syncline  at  several  places,  65  being  the  number  seen  at  Cheng- 
watana. Localities  of  modem  volcanic  activity  are  mentioned  in  sup- 
port of  the  view  that  the  lava  came  from  fissures  which  discharged 
material  at  many  points. 

7.  The  development  of  the  fault  line  through  a  series  of  fissure  erup- 
tions and  the  line  of  weakness  incident  thereto  is  suggested.  The  tilting 
of  the  Keweenawan  rocks  to  a  sharply  inclined  attitude  can  be  traced 
for  more  than  100  miles  from  the  Lake  Superior  region  southwestward. 
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To  the  north  and  west  of  these  sharply  tilted  rocks  the  Cambrian  sand- 
stones are,  wherever  seen,  badly  broken  and  inclined  away  from  the 
faulted  contact  with  the  Keweenawan. 

8.  The  formation  of  the  fault  line  in  its  present  attitude  was  a  long 
continued  process.  The  line  of  weakness  and  a  succession  of  fissure 
eruptions  is  evidenced  by  the  lava  flows  themselves.  This  is  Keweena- 
wan time.  The  crushing  of  the  sandstones  and  their  upturning  is  cer- 
tainly post-Cambrian.  The  faults  in  Paleozoic  rocks  and  the  displace- 
ment of  Trenton  limestones  between  Minneapolis  and  Stillwater  points 
to  a  continuation  of  the  movement  of  displacement  into  the  Ordovician. 
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Explanation  of  Plates 

Platb  27. — Map  and  Profiles  of  the  Keweenaioan  of  eastern  Minnesota 

FiouRB  1. — Map  of  eastern  Minnesota. 

This  map  of  the  Keweenawan  area  of  eastern  Minnesota  shows  the 
exposures  of  Keweenawan  rocks;  the  position  of  the  fault  line 
which  marks  the  limit  of  the  Keweenawan  to  the  north  and  west, 
and  the  assumed  limit  of  the  lava  flows  toward  the  southeast.  The 
contour  lines  for  Minnesota  are  taken  from  the  several  county  maps 
of  the  Geological  Survey  of  Minnesota;  for  Wisconsin  approxi- 
mated from  the  elevations  of  Upham  and  Gannett,  Bulletins  72 
and  160,  United  States  Geological  Survey. 

FiGURB  2. — Profile  of  the  Chengwatana  series  of  lava  flows  and  conglomerates. 

The  thickness  of  the  several  beds  is  given  as  measured  along  the 
banks  of  the  river.  The  total  thickness  of  the  conglomerates  is 
216  feet  and  of  the  lava  flows  3,800  feet,  making  a  total  of  over 
4,000  feet  of  exposed  beds  with  both  underlying  and  overlying 
beds  concealed. 

Figure  3. — The  succession  of  lava  flows  at  Taylors  Falls. 

This  is  as  they  are  shown  in  the  Dalles  and  along  the  slope  westward 
through  the  village  to  the  prairie  level.  At  the  top  of  several  of 
the  flows  are  beds  of  tuff  and  ash,  and  at  one  place  there  is  a 
markedly  breociated  clastic. 
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Platb  2S.— Profiles  acrau  the  Keweenavxm  Seriei  ofeastrm  Minnesota 

Figure  T. — Profile  of  the  Snake  River  section. 

At  Pine  City  a  well  700  feet  deep  ends  in  white  sandstone  aesume^i 
to  be  of  Oambrian  age.  At  the  foot  of  Cross  lake  the  succea^ion 
of  lava  flows  comes  to  the  surface  and  extends  along  the  river  for 
nearly  3  miles  in  continuous  exposure,  dipping  on  an  average  ea^t 
67  degrees.  Near  the  mouth  of  the  Snake  river  the  rocks  dip  I'l 
to  15  degrees  west  in  a  succession  of  lava  flows  which  to  the  east 
disappear  beneath  Cambrian  sandstones. 

« 

FiGURB  2. — The  Kettle  River  section. 

The  lava  flows  abut  abruptly  against  Cambrian  sandstones  near 
Hinckley,  and  for  some  miles  along  the  river  dip  strongly  to  the 
east.  Tiie  dip  changes  to  west  12  to  15  degrees  above  the  big  ediiy 
in  section  19,  township  40,  range  19,  and  continues  in  this  attitutif 
until  the  rocks  disappear  beneath  Cambrian  sandstones  on  the 
Wisconsin  bank  of  the  Saint  Croix  river. 

Figure  3.— Profile  along  the  Minnesota- Wisconsin  boundary. 

The  profile  is  taken  near  the  interstate  boundary,  E  F  from  Dalath 
to  the  Saint  Cix)ix  river,  and  G  //from  the  Saint  Croix  neartbe 
mouth  of  the  Kettle  river  to  a  point  east  of  Stillwater.  The  lava 
flows  near  the  mouth  of  the  Kettle  and  Snake  rivers  dip  west,  and 
at  Saint  Croix  falls  to  the  southwest,  and  presumably  so  at  Still- 
water ;  hence  the  apparent  change  in  dip. 

Figure  4. — Profile  across  the  Keweenawan  and  associated  formations. 

The  locality  is  at  Shoi*t  Line  park,  in  the  western  part  of  Dulutb,  and 
across  the  Douglas  County  fault  line.  The  section  in  the  western 
part  of  Duluth  is  as  shown  by  the  boring  at  Short  Line  park. 

FiGUKB  5. — Generalized  section  across  the  fault  line,  Douglas  Copper  range. 

The  rocks  in  their  shattered  and  upturned  position  prove  the  op- 
thnist  of  the  lava  flows. 
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Introduction 


Within  Minnesota  from  the  city  limits  of  Duluth  southwestward  be- 
yond the  geographical  center  of  the  state,  which  is  lake  Mille  I^cs,  lies 
a  series  of  schistose  rocks.  To  the  southeast  they  disappear  beneath  the 
Cambrian  sandstones,  and  the  northwest  boundary  is  entirely  concealed 
by  the  Glacial  drift.  Their  existence  in  a  few  localities  has  been  known 
since  the  earliest  geological  explorations  of  the  region.  They  were  first 
recognized  as  Archean ;  then  as  Animikie — that  is,  Upper  Huronian ;  and 
lastly,  in  1894,  the  northernmost  exposures  were  pronounced  by  Spurr 
to  be  Keewatin — that  is.  Lower  Huronian. 

The  pre-Cambrian  age  of  the  series,  which  has  rarely  been  doubted,  is 
proved  by  the  presence  at  two  or  more  places  of  nearly  horizontal  sand- 
stones in  such  relation  to  the  rocks  in  question  as  to  establish  their  sub- 
sequent age.  Again,  at  Short  Line  park,  near  Duluth,  the  series  under 
discussion  is  found  to  lie  in  undetermined  thickness  beneath  the  diabase 
flows  and  associated  rocks  of  the  Keweenawan.*  Finally,  since  dikes 
of  granite  are  found  breaking  up  the  intruded  schists  within  areas  re- 
garded as  belonging  to  the  series  discussed,  the  post- Archean  age  of  the 
granites  is  with  confidence  asserted. 

Geographic  ScBDnrisioNS 

Along  the  Saint  Louis  river  where  it  constitutes  the  interstate  boundary 
a  belt  of  slates  and  schists  emerges  from  beqeath  the  Keweenawan  to 
extend  in  almost  continuous  exposure  up  the  river  to  Cloquet.  The  ex- 
posures lie  in  force  around  Thomson  and  Carlton,  where  the  rocks  range 
through  every  textural  phase  from  a  graywacke  conglomerate  to  a  roof- 
ing slate  of  excellent  quality. 

In  the  Blackhoof  River  valley  the  schists  appear  above  the  thin  cover- 
ing of  drift  and  stretch  southwestward  to  the  Kettle  River  valley,  where 

*  Geological  and  Natural  History  Sarvey  of  Minnesota,  final  report,  vol.  ir,  1899,  p.  567,  66L 
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they  can  be  followed  for  15  miles  with  but  little  change  in  textural  or 
mineral  characters. 

West  of  Sturgeon  lake  the  schists  have  become  more  homblendic. 
The  attitude  is  notably  changed  from  a  gently  southward  dipping  series 
to  one  nearly  vertical  or  northwardly  inclined.  Beds  of  limestone  are 
associated  with  the  hornblende  jschists. 

Along  the  Kettle  and  Rum  rivers  still  other  conditions  are  seen.  The 
schists  are  markedly  biotitic  and  of  a  much  coarser  texture  than  in  the 
Blackhoof  and  Kettle  River  valleys.  Dikes  of  diabase  occur  and  granitic 
dikes  and  bosses  constitute  the  larger  proportion  of  the  visible  exposures. 

Reaching  the  Mississippi  river  from  Haven  northward  for  not  less 
than  30  miles,  only  granites  of  the  hornblende-biotite  type,  occasionally 
broken  by  diabase  dikes  and  bosses  of  biotitic  gabbro,  are  seen  in  so 
many  exposures  that  the  conviction  is  forced  that  they  constitute  the 
principal  rock  of  the  region. 

Finally,  in  another  district  with  Little  Falls  as  a  center  lies  a  series  of 
schists  of  somewhat  diverse  lithologic  type,  always  regarded  as  the  west- 
ward extension  of  the  Thomson  slates.  These  have  many  characters — 
mineral,  chemical,  textural,  and  structural — in  common  with  those. 
Around  Thomson  the  clastic  character  of  the  series  is  clearly  seen. 
Here  alteration  has  proceeded  so  far  that  no  traces  of  a  granular  char- 
acter have  been  noted — ^a  condition  explained  by  the  proximity  of 
eruptive  granites,  gabbros,  and  diabases  within  the  Little  Falls  district 
(see  map,  plate  29). 

Rock  Relations  along  the  Border 

It  has  already  been  stated  that  at  Short  Line  park,  within  the  city 
limits  of  Duluth,  a  well-boring  discloses  the  Saint  Louis  River  slates 
beneath  the  Keweenawan  eruptives,  thereby  establishing  the  northeast- 
ward continuance  of  the  series.  In  this  locality  there  is  no  doubt  that 
the  schists  extend  beneath  the  Keweenawan  eruptives  and  elastics.  In 
the  southerly  part  of  Kimberly  township,  central  Aitkin  county,  an  ex- 
posure of  quartzite  is  reported,  which,  having  the  lithologic  characters 
of  the  more  northerly  Animikie,  is  on  that  ground  relegated  to  that 
later  series.*  At  Brainerd,  in  1900,  a  well  was  bored  by  the  Northern 
Pacific  railway.  At  163  feet  schists  were  struck  of  the  general  habit  of 
those  northwest  of  Little  Falls,  and  are  presumably  the  same. 

Around  the  western  end  of  the  district  there  is  no  opportunity  what- 
ever afforded  for  determining  stratigraphic  relationships  beyond  the  drift 

*  Warren  Upham  :  PrelimiDary  report  of  field-work,  Twenty-second  Ann.  Rept.  Geological  and 
Natural  History  Survey  of  Minnesota,  1894,  p.  2S.    ("  Taconio  series  **  Is  the  term  used.) 
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contacts  and  a  few  artesian  wells.  The  last  aflbrd  evid^ice  of  tlio  saper- 
position  of  the  Cretaceous  shales  over  the  granitic  rocks.  At  Glenwood, 
on  the  northwestern  border,  granitic  rocks  occur  at  a  depth  scarcely 
greater  than  50  feet  below  the  water  of  lake  Minnewaska.  At  Paynes- 
ville,  southwest  Stearns  county,  not  more  than  12  miles  from  outcrops 
of  granitic  rocks,  Cretaceous  shales  were  .discovered  at  70  feet  below  the 
surface.  How  deep  the  crystalline  rocks  lie  was  not  determined.  At 
Glencoe,  directly  south  of  Saint  Cloud,  red  quartzite  nooks  were  reached 
at  d36  feet  and  bored  into  700  feet  farther.  Just  where  the  southern 
subglacial  boundary  lies  has  not  yet  been  determined.  At  Anoka,  40 
miles  from  the  most  southerly  granites,  wells  determine  the  presence  of 
the  PaleozOics,  which  extend  thence  down  the  Mississippi  valley.  At 
Minneapolis  granitics  were  reached  in  the  liakewood  Cemetery  well  at 
2,150  feet  from-  a  point  975  feet  above  the  sea.  Along  the  east  side  of 
the  district  along  which  the  crystallines  disappear  beneath  Cambrian 
sandstones  these  disappear  abruptly  against  the  Great  fault,  determin- 
ing the  western  limit  of  the  Keweenawan  lava  flows. 

The  geographic  limits  of  the  rock  series  under  consideration  may  thus 
be  summarized :  On  the  south,  while  disappearing  beneath  the  Paleozoic, 
they  continue  beneath  these  beyond  Minneapolis,Winona,  and  La  Crosse, 
where  well-borings  have  established  th^  presence  of  granitic  rocks ;  to  the 
east  as  far  north  as  township  46,  range  16  west,  while  beneath  Cambrian 
sandstones  westward  the  schists  are  abruptly  broken  by  the  great  Ke- 
weenawan fault ;  northeastward  they  slope  beneath  the  Keweenawan ; 
northward  they  must  be  overlain  by  the  westerly  stretching  Mesaba; 
but  to  the  west  the  glacial  drift  and  Cretaceous  so  completely  obscure 
the  relations  of  the  older  rocks  that  it  is  now  impossible  to  correlate  with 
positiveness  the  central  Minnesota  granites  and  the  Minnesota  Valley 
gneisses  and  gabbro-schists. 

Keewatin  op  the  Saint  Louis  River  District 

BOCKS  OF  THE  SERIES  AND  THEIR  RELATIONS 

In  the  bed  of  Mission  creek,  sections  30  and  31,  township  49,  range  15 
west,  near  the  boundary  between  Saint  Louis  and  Carlton  counties,  lies 
the  easternmost  exposure  of  the  ITiomson  slates.  In  the  gorge  of  the 
Saint  Louis  river,  where  Mission  creek  joins  it,  the  slates  form  the  river 
bed.  From  this  point  they  are  practically  continuous  to  Knife  falls,  a 
distance  by  river  of  15  miles.  The  strike  is  east  and  west,  the  dip  gen- 
erally south,  at  a  varying  angle.  Above  Knife  falls  occasional  exposures 
are  seen  as  far  as  section  27,  township  51,  range  19  west. 
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The  Saint  Louis  river  between  Oloquet  and  Dulath  has  accomplished 
an  enormous  amount  of  erosion.  Several  high  and  precipitous  knobs 
are  isolated  from  the  surrounding  rock  masses  through  river  erosion. 
Those  in  the  northeast  quarter  of  section  15,  township  48,  range  16  west, 
and  extending  over  the  adjoining  sections  are  relatively  the  highest. 
They  disclose  interesting  phases  in  the  history  of  the  stream. 

The  gorge  is  chiefly  pre-Glacial.  Lacustrine  deposits,  quite  extensive 
both  in  area  and  thickness,  lie  along  the  slopes  of  the  ancient  Saint 
liOuis  valley.  They  are  evidently  the  shoreline  accumulations  of  lake 
Duluth  *  laid  down  in  a  valley  already  cut  by  pre-Glacial  streams.  Ero- 
sion was  suspended  during  the  life  period  of  lake  Duluth,  but  was  re- 
sumed when  lake  Superior  began  to  settle  to  its  present  level. 

The  descent  of  the  land  surface  causes  the  rapids ;  the  tremendous 
eroding  power  given  the  water  by  its  descent  has  carved  out  the  gorge 
called  the  Dalles  of  the  Saint  Louis  river.  Several  diabase  dikes  cut- 
ting the  slates  produce  the  falls  several  times  met  within  the  length  of 
the  "  dalles." 

The  Keewatin  slates  and' associated  schists  and  quartzites  lie  below 
all  other  known  rock  formations  in  this  region.  This  group  is  of  unde- 
termined thickness,  but  is  estimated  at  25,000  feet.  Above  it  are  seen 
in  the  Sakit  Louis  valley  the  following  series,  in  ascending  order : 

1.  The  KeWeenawan  series,  consisting  of  (a)  the  gabbro  in  typical 
development,  r^arded  as  the  basal  number  of  the  Keweenawan  ;  f  (^)  a 
conglomerate  bed,  100  feet  or  more  in  thickness,  and  (c)  the  extensive 
series  of  lava  flows  which  is  found  in  niany  portions  of  the  Lake  Supe- 
rior basin. 

2.  The  horizontal  Cambrian  sandstones  from  red  to  white  in  color, 
known  as  the  Western  sandstone. 

3.  Pleistocene  deposits,  largely  lacustrine  sands  and  clays,  and  unmod- 
ified material. 

EXTERNAL  CHARACTERS 

The  external  characters  of  the  Keewatin  of  the  Saint  Louis  river  may 
be  briefly  summarized :  In  color  the  rocks  are  dark.  The  fine  slaty 
phases  are  black,  and  as  the  quartzite  bands  appear  this  color  gives 
place  to  a'gray  which  varies  between  black  and  light  or  greenish  gray. 
As  the  rock  weathers,  a  lighter  color  appears,  due  to  the  removal  of  car- 
bonaceous material  which  locally  produces  the  black  color.  Toward  the 
north  the  clastic  character  of  the  rocks  is  clearly  expressed.    There  are 

•  B.  F.  Tnylor :  A  Short  History  of  the  Great  Lake8, 1897,  p.  10. 

fThe  copper-bearing  series  of  lake  Superior,  Monograph  v,  U.  S.  Geol.  Survey,  1883,  p.  15G. 

N.  H.  WiDchell :  Geol.  and  Nat.  Hist.  Survey  of  Minnesota,  vol.  iv,  1899,  p.  13. 
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alternations  of  impure  quartzite,  so  indurated  that  the  coarser  pebbles 
are  fused  with  the  finer  material  into  a  semi-crystalline  mass  and  a  typ- 
ical argillaceous  slate  with  prominent  cleavage. 

Irving^  thus  enumerates  the  rock  species : 

"Amon^  the  slates,  fine  grained  friaywacke  slates,  clay  states,  sericitic  quartz 
slates,  troe  quartzites,  mica  slates  (often  hornblendic),  staarolitic  mica  slates  (often 
gametiferoos),  and  hornblende  schists,  and  among  the  eruptives,  diabases,  gab- 
bros,  and  diorites,  the  latter  presamably  altered  forms  of  diabase  or  gabbro." 

The  rocks  have  been  traced  southwestward  for  many  miles  and  found 
to  merge  into  a  series  of  well  defined  homblende-mica  schists.  A  total 
obliteration  of  clastic  characters  and  an  interbedding  of  carbonate  bands 
is  shown.  Still  farther  southwest  a  distinct  limestone  formation  enters 
the  series  and  becomes  genetically  an  important  factor. 

STRUCTURAL  FEATURES 

The  strike  averages  south  70  degrees  west,  and  the  dip  south  at  an 
angle  varying  between  IC  and  60  degrees.  The  slaty  cleavage,  which 
usually  can  be  distinguished  from  lamination,  is  nearly  vertical,  with  a 
direction  nearly  east  and  west. 

At  Thomson  in  both  the  slaty  bands  and  the  schists  are  locally  numer- 
ous carbonate  concretions. 

The  slaty  cleavage  seems  to  characterize  the  layers  of  finer  and  more 
argillaceous  material,  alternating  with  the  quartzitic  and  conglomeratic 
phases.  It  always  ceases  at  the  contact  of  the  argillaceous  and  silicious 
layers.  The  angle  which  it  makes  with  the  plane  of  contact,  assumed 
everywhere  as  the  bedding  plane,  varies,  since  the  bedding  of  the  rocks 
several  times  across  the  formation  changes  its  attitude  with  the  horizon. 
The  quartzite  shows  the  effects  of  enormous  pressure,  yet  the  physical 
condition  of  the  rock  material,  so  much  less  plastic,  was  so  resistant  that 
the  efiect  of  slaty  cleavage  was  not  induced. 

This  alternation  of  quartzitic  and  slaty  layers  is  a  notable  petrographic 
character  along  the  Saint  Ijouis  river.  It  is  distinctly  seen  through  color 
differences,  lithologic  characters,  and  rapidity  of  weathering.  The  coarser 
material  carries  zones  or  planes  of  nodular  concretions  which  are  of  a 
decidedly  carbonated  composition.  Weathering  brings  out  the  position 
of  these  concretions  rapidly  and  in  a  most  conspicuous  manner.  They 
indicate  bands  of  the  sedimentary  rocks  which  contained  a  much  greater 
per  cent  of  carbon  dioxide  in  combination.    Through  the  subsequent 

•  B.  D.  Irving :  Fifth  Ann.  Kept.  U.  8.  Geol.  Survey,  1885,  p.  197. 
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alteration  phenomena  the  segregation  into  nests  of  carbonates  of  iron, 
calcium,  and  magnesium  was  effected. 

STRUCTURE  AND  DISTRIBUTION  OF  THE  CONCRETIONS 

Ordinarily  these  concretions  are  arranged  in  bands.  As  the  rocks  are 
eroded  or  cut  away  by  human  agency,  the  concretions  stand  in  rows 
one  above  the  other  along  the  line  of  bedding.  They  are  so  compressed 
that  they  stand  in  the  direction  of  the  slaty  cleavage,  so  far  as  individual 
position  goes  (see  plate  31,  figures  1  and  2) ;  hence  they  give  evidence 
both  of  original  position  and  effect  of  pressure.  They  are  undoubtedly 
of  secondary  origin ;  they  consist  chiefly  of  iron  carbonate  in  chemical 
composition ;  they  are  quite  well  defined  as  against  the  mass  of  rock 
enclosing  them,  and  weather  with  unusual  facility  and  rapidity. 

QUARTZ  VEINS 

There  is  a  large  number  of  quartz  veins.  The  largest  one  noted  is  a 
segregation  which  stands  up  in  the  river  bed  where  the  carriage  bridge 
from  Carlton  to  Thomson  crosses  the  Saint  Jjouis  river.  It  carries  much 
of  the  slate  and  exhibits  a  heterogeneous  quantity  of  quartz,  and  smaller 
quantities  of  pyrite,  chalcopyrite,  and  traces  of  associated  sulphides. 

The  smaller  quartz  veins  scattered  throughout  the  rocks  diminish  to 
paper  thinness.  They  are  milky  white,  harder  than  the  slate  and  quartz- 
ite  through  which  they  course,  and  are  remarkably  free  from  accessory 
minerals.  The  closest  scrutiny  of  explorers  has  failed  to  find  more  than 
traces  of  gold  and  silver. 

DIABASE  DIKES 

The  somewhat  frequent  dikes  are  objects  of  interest.  The  greatest 
width  noted  is  50  feet  in  one  crossing  the  slates  and  quartzites  one  mile 
southeast  of  Carlton  on  the  Northern  Pacific  railroad.  The  rock  is 
diabase,  extremely  finely  textured  along  the  contact  zones,  and  mediumlj^ 
crystalline  in  its  central  part.  At  50  paces  east  of  railway  bridge  between 
Thomson  and  Cloquet  is  a  3-foot  dike  showing  on  a  smaller  scale  the  char- 
acters noted  in  the  preceding;  and  many  other  similar  structures  are  to 
be  seen,  but  nowhere,  so  far  as  observed,  do  they  exert  any  perceptible 
alteration  effects  upon  the  slates  and  quartzites  into  which  they  have 
been  injected. 

JOINTS  AND  FRACTURES 

Jointing  is  everywhere  one  of  the  most  conspicuous  characters.  The 
sharp  ridges  which,  through  the  slate  belt,  are  a  conspicuous  physio- 
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graphic  feature,  are  due  in  a  large  measure  to  jointing.  The  jointing 
which  has  developed  along  the  bedding,  constituting  the  major  struc- 
ture on  the  southward  slopes  and  a  system  of  fractures  in  which  there 
are  frequent  evidences  of  shearing;  give  character  to  the  northward 
slopes. 

Aside  from  the  major  structures,  there  are  minor  ones  which  vary  with 
the  condition  of  the  rock. 

Several  efforts  have  been  made  at  Thomson  and  near  Cloquet  to  quarry 
roofing  slate.  The  color  is  black,  weathering  to  a  light  gray.^  The  layers 
of  slate,  intercalated  between  corresponding  layers  of  quartzite  schist,  are 
from  1  to  5  feet  in  thickness.  Each  layer  is  cut  by  many  joints  into 
plates.  These  joints,  always  striking  with  the  rock  or  within  10  to  20 
degrees  of  the  same  direction,  make  an  angle  of  30  to  40  degrees  with 
the  bedding  planes,  which  at  the  slate  quarries  in  Thomson  dip  south 
at  from  65  to  75  degrees,  and  at  Cloquet  are  nearly  vertical.  For  several 
hundred  feet  the  slate  has  been  worked  out,  but  a  persistent  warping 
renders  the  product  of  inferior  quality  (see  plate  31,  figure  1). 

The  Blackhoof  Vallky 

Around  Atkinson  are  several  outcrops  of  quartzite  schists.  The  strike 
is  north  70  degrees  east,  magnetic,  and  the  dip  south  at  an  angle  of  65 
degrees.  Farther  southeast  the  dip,  continuing  southerly,  drops  to 
about  25  degrees.  The  rocks  locally  assume  a  decidedly  contorted  con- 
dition. The  exposures  are  not  numerous,  but  the  rocks  lie  only  a  short 
distance  below  the  surface,  and  upon  these  an  abundant  and  excellent 
water  supply  is  always  found. 

The  rocks  separate  freely  along  the  schist  planes,  and  are  cut  into 
somewhat  rhombic  blocks  by  a  double  system  of  joints,  one  of  them 
being  nearly  coincident  with  the  dip.  A  light  and  cheerful  slate-gray 
color  characterizes  the  more  typical  exposures.  The  freshly  cleaved  sur- 
faces are  quite  lustrous.  As  these  schists  merge  into  a  softer  talc-like 
condition,  as  is  the  case  where  the  concretionary  lenses  of  quartz  or 
quartz  and  siderite  occur,  the  color  becomes  still  lighter,  or  dark  even 
to  blackness.  At  one  exposure,  graphite  was  noted  along  the  cleavage 
banks.    To  this  source  the  black  color  sometimes  seen  is  referred. 

Some  years  ago  explorations  for  gold  were  prosecuted  along  belt  of 
quartz  veins  which  resulted  in  finding  only  small  traces  of  the  metal. 

In  section  31,  towri^hip  48,  range  17  west,  and  section  36,  township 
48,  range  18  west,  there  occurs  a  belt  of  quartz  veins.  They  vary  in 
direction  and  lack  in  continuity ;  they  occur  as  a  succession  of  strings 
and  bands,  corresponding  quite  closely*  in  position  with  the  foliation  of 
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the  rock.  Rarely  in  ihe  vicinity  of  the  veins  the  quartzite  schists  seem 
to  be  greatly  shattered  and  receinented,  thus  having  the  appearance  of 
a  breccia. 

In  such  localities  the  quartz  is  generally  associated  with  siderite, 
when  fresh,  &nd  with  a  spongy,  rusty  condition  when  weathered.  This 
rusted,  porous  condition  extends  in  places  into  the  schist  for  many  feet. 
It  gives  evidence  of  the  earlier  presence  of  some  accessory  mineral,  prob- 
ably iron-carbonate.    It  occurs  in  zones  of  well  defined  distribution. 

Moose  River  Valley 

MAHTOWA  BXPqSURBS 

Around  Mahtowa  are  several  exposures  of  the  quartzite-schists  stretch- 
ing westward  fr<im  the  Blackhoof  valley.  In  section  5,  township  47, 
range  18,  is  a  ledge  of  rather  massive  rock,  with  schistose. structure 
locally  developed.  The  slaty  cleavage  characteristic  at  Thomson  and 
Cloquet  is  lacking.  The  rock  breaks  coarsely,  and  carries  evidence  of 
much  pyrite  or  iron  carbonate  below  its  zone  of  .weathering  in  the  cubical 
and  rhombohedral  cavities  so  frequently  seen. 

Pressure  has  resulted  in  a  folding,  quite  clearly  shown  in  some  hand 
specimens.  Wells  give  evidence  of  wide  distribution  of  these  rocks 
slightly  below  the  surface.  ^ 

BARNUM  BXPOSURBS 

The  schists  are  widely  exposed  over  miles  of  almost  level  surface 
around  Barnum.  At  the  railway  depot  there  is  some  contortion,  a 
gentle  dip  southward,  an  alternation  of  foliated  and  quartzose  phases,  a 
collection  of  quartz  lenses,  and  an  absence  of  slaty  cleavage.  The  foliated 
is  the  dominant  structure,  and  the  southerly  the  dominant  attitude  of 
these  rocks.  Half  a  mile  west  of  the  station  the  rocks  are  more  uniform, 
lithoiogically  and  structurally,  and  some  quarrying  has  been  done  on 
that  account.  The  dip  southerly  is  slight,  probably  not  over  5  to  10 
degrees  and  interfoliated  bands  of  glossy  schist  are  only  an  inch  or  two 
thick  at  a  maximum. 

Northwest  of  the  station,  in  section  15,  township  47,  range  19,  there  is 
an  exposure  in  which  a  pyrite-bearing  vein  and  diabase  dike  afford 
lithologic  diversity.  The  badly  weathered  schists  possess  the  same  gen- 
eral characters  as  the  rocks  beside  the  railway.  The  locality  is  in  the 
bank  of  a  stream,  and  so  covered  that  directions  are  difficult  to  deter- 
mine with  exactness.  The  vein  has  been  assayed  for  gold ;  a  good  trace 
was  found. 

L— Bull.  Ocol.  Soo.  Am.,  Vol.  12,  1900 
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The  dike  is  badly  weathered.  Its  texture  is  medium,  and  composi- 
tion appears  uniform :  a  basaltic  structure  is  in  the  fresher  portions,  and 
a  decidedly  concentric  weathering  where  greatest  alteration  is  shown. 

MOOSE  LAKE  BXP08UBE8 

Moose  lake  affords  an  exposure  or  two  of  some  interest.  Near  the  saw- 
mills a  railroad  cut  has  been  made  to  the  depth  of  several  feet  in  the 
clean  gray  schists.  There  is  variation  in  texture  from  a  mediumlj 
coarse  yet  well  defined  schist  to  a  slaty  variety  greenish  gray  in  color 
and  glossy  in  habit,  yet  lacking  slaty  cleavage.  Bands  of  a  few  inches 
in  thickness,  consisting  of  calcium  carbonate,  occur  in  these  glossy 
foliated  rocks.  The  strike  is  north  70  degrees  east,  dip  varying  from  0 
to  25  degrees  toward  the  south  20  d^rees  east.  Some  contortion  was 
noted.  A  dike  of  diabase  porphyrite  occurs  in  the  west  part  of  the 
town,  cutting  through  the  schists  without  modifying  their  rock-habit  to 
any  perceptible  extent. 

Kettle  River  Section 

From  section  21,  township  46,  range  20  west,  to  section  36,  township 
45,  range  20,  a  distance  of  10  miles,  there  is  a  most  interesting  series  of 
exposures  of  hornblende-biotite  schists.  The  rocks  are  very  uniform  in 
their  structural  characters  and  external  lithologic  habit.  I^ayers  of  a 
decidedly  quartzose  habit  alternate  with  the  normal  schist.  With  these 
are,  more  rarely,  bands  of  a  carbonate.  At  the  northernmost  exposure  in 
section  21,  township  46,  range  20,  there  is  exposed  a  wide  vein  of  quartz 
regarded  as  the  southwestward  extension  of  the  one  outcropping  in  the 
Saint  Louis  river  at  Thomson  and  already  mentioned.  A  mile  and  a 
half  below  this  exposure  the  schists  which  lie  in  both  banks  of  the  river 
for  a  considerable  distance  are  badly  shattered  and  badly  altered,  so 
much  so  that  they  have  been  mapped  by  the  Minnesota  survey  as  Cam- 
brian sandstone.*  The  strike  of  these  rocks  is  very  nearly  east  and 
west,  varying  perhaps  to  north  80  degrees  to  85  degrees  east,  with  a 
southerly  dip,  varying  from  15  to  30  degrees. 

Only  half  a  mile  from  the  locality  just  noted  is  an  exposure  20  feet  or 
more  above  the  river,  containing  a  notable  per  cent  of  graphite.  It  is 
situated  100  paces  from  the  river;  direction  of  strike,  north  60  degrees 
e^ist,  magnetic,  dipping  south  30  degrees  east,  at  an  angle  varying  from 
3  to  30  degrees.  While  the  exposed  area  is  not  great,  the  indications 
in  the  black  soil,  widely  distributed  graphite  chips  and  attitude  of 

*GeoI.  and  Nat  Hist.  Surrey  of  Minnesota,  final  report,  toI.  It,  1899,  pi.  56. 
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rocks  themselves  are  that  there  is  a  large  area  of  graphitic  shales.    The 
percentage  of  carbon  in  these  shales  has  not  yet  been  determined. 

The  graphitic  shales  disappear,  and  at  the  first  exposure  southward 
the  normal  gray  glossy  schists  come  into  view.  There  is  some  variation 
in  the  hardness  and  mineral  proportion  of  the  schists.  The  structure  in 
places  is  somewhat  massive,  elsewhere  decidedly  schistose.  The  strike 
is  north  60  degrees  to  75  degrees  east,  with  a  southeasterly  dip  of  20  to 
30  degrees,  with  local  measurements  as  low  as  15  degrees.  Some  little 
contortion  is  also  seen. 

In  section  9,  township  45,  range  20,  there  are  some  interesting  nodules. 
They  are  more  crystalline  than  those  around  Mahtowa  and  at  Thomson, 
approaching  more  nearly  those  seen  at  Little  Falls  and  Moose  lake. 

The  Kettle  River  section  gives  the  most  satisfactory  place  for  securing 
an  idea  of  the  thickness  of  the  formation  that,  the  entire  region  affords. 
The  northernmost  exposure  along  this  stream  lies  in  the  northern  part 
of  section  16,  township  46,  range  20,  and  the  southernmost,  seen  before 
the  northward  dipping  schists  are  reached,  lies  in  section  9,  township  45, 
range  20.  In  this  distance  of  nearly  6  miles,  dip  was  measured  at  many 
places.  Nowhere  was  it  less  than  15  degrees,  and  at  several  outcrops  it 
was  30  degrees  and  more.  In  the  entire  distance  there  was  seen  no  trace 
of  displacement.  The  average  attitude,  therefore,  can  not  give  less  than 
2,500  feet  per  mile,  which  will  thus  make  a  total  of  15,000  feet  as  the 
thickness  of  the  schists  of  the  Kettle  River  valley.  This,  it  must  be  re- 
membered, is  without  the  top  or  the  bottom  of  the  series  being  seen. 

The  foregoing  does  not  include  the  exposures  from  Stony  brook  south- 
ward to  the  Blackhoof  valley.  In  this  area  a  folding  can  easily  be 
traced  beneath  the  more  prominent  slaty  cleavage.  Owing  to  this,  any 
measure  of  thickness  is  well-nigh  impossible.  A  conservative  estimate 
of  the  rocks  in  sight,  taking  into  account  folding,  horizontal  position, 
crushing,  and  other  attitudes,  is  5,000  feet.  Added  to  the  thickness  seen 
in  the  successive  exposures  along  the  Kettle  river,  which,  according  to 
strike  measured  scores  of  times,  are  a  continuation  of  the  schists  disap- 
pearing beneath  the  drift  in  the  Blackhoof  River  valley,  this  gives  a 
total  qf  20,000  feet  as  a  conservative  estimate  of  the  thickness  of  the 
series  under  consideration.  Farther  westward,  as  has  been  shown,  alter- 
ation, folding,  and  eruptive  displacement  preclude  all  possibility  of 
reliable  estimate. 

Region  west  op  Sturgeon  Lake 

At  this  point  there  is  seen  a  decided  change  in  the  attitude  and  char- 
acter of  the  rocks.    The  structure  becomes  sharply  crystalline  and  in 
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places  markedly  fibrous  with  a  decideilly  hornhlendic  habit.  Some 
narrow  and  unobtrusive  veins  a[>pear,  carrying  pyritous  contents.  The 
most  conspicuous  veins,  however,  are  the  white  quartz.  The  veins  vary 
from  a  foot  or  two  in  thickness  to  paper  thinness,  are  quite  irregular 
in  direction,  locally  are  considerably  contorted,  as  a  rule  free  from 
pyritous  or  other  metallic  accessories,  and  very  frequently  assume  a  len- 
ticular aspect,  when  are  found  quite  liberal  proportions  of  coarsely  crys- 
talline feldspathic  content. 

The  strike  of  this  group  of  rocks  shows  some  variation.  Along  the 
road  between  sections  19  and  30  the  strike  of  the  foliation  is  north  80 
degrees  east,  with  a  dip  of  the  laminae  partly  south  and  partly  north. 
Passing  south  of  the  road  200  paces,  and  the  strike  is  north  70  degrees 
east  and  the  dip  80  degrees  north  ;  200  paces  north  of  the  road  the  strike 
appeared  to  be  north  65  degrees  east  and  the  dip  75  degrees  north.  The 
rock  at  this  point  is  more  coarsely  crystalline  than  elsewhere.  An  abun- 
dance of  garnets  is  present,  strongly  suggestive  of  contact  alteration. 
The  rather  small  crystals  are  of  the  ordinary  variety. 

Farther  south,  in  section  30,  township  45,  range  20,  the  rock  is  more 
.  finely  crystalline  than  to  the  north,  and  exhibits  some  variety  of  texture 
and  color.  Instead  of  the  dark  green,  so  dark  as  to  appear  black  to  the 
eye,  the  rock  has  a  pea-green  color  in  many  of  its  bands.  The  direction 
is  nearly  east  and  west.  This  determines  the  direction  of  the  ridges 
which  stretch  across  these  sections.  The  hornhlendic  rock  is  locallv  bo 
fibrous  that  slender  pieces  6  to  7  feet  long  are  seen  lying  about.  The 
strike  over  all  these  long  parallel  hillocks  is  nearly  the  same,  and  the 
dip  varies  from  vertical  to  north  40  degrees. 

Through  section  25,  extending  nearly  north  and  south,  is  a  creek  val- 
ley. At  present  it  is  little  more  than  a  long  narrow  marsh,  yet  its  walls, 
its  width,  and  depth  suggest  at  an  earlier  date  a  much  larger  stream.  It 
may  be  an  old  channel  of  glacial  origin.  The  seeping  water  at  present 
moves  northward,  but  at  the  time  of  its  cutting  very  likely  a  large  stream 
flowed  toward  the  south.  Its  nearly  vertical  walls,  from  20  feet  to  40 
feet  high,  show  interesting  structure  lines,  joints,  folia,  i>ossible  bedding 
planes,  and  other  phenomena.  The  valley  exhibits  all  of  the  characters 
of  an  abandoned  valley  of  erosion. 

The  most  interesting  lithologic  feature  of  this  locality  is  the  presence 
of  several  exposures  of  limestone.  This  rock,  approached  from  the  north, 
is  disclosed  by  the  fragments  which  lie  in  the  bed  of  the  stream.  The 
most  northerly  exposure  of  the  rock  in  place  is  in  the  east  half  of  sec- 
tion 25,  township  45,  range  21  west.  It  lies  8  to  10  feet  in  thicknesp, 
dipping  southward  at  about  20  degrees.  The  rock  is  rather  fine  grained 
and  thoroughly  crystalline.    Its  oolor  is  a  light  pink  with  a  faintly  trans- 
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lucent  habit.  Along  the  east  wall  of  the  valley  of  erosion  which  unites 
with  Birch  creek,  only  a  feW' paces  from  the  first  exposure  just  described, 
are  several  other  spots  where  the  limestone  outcrops,  but  nowhere  is 
such  clear,  evenly  crystalline  material.  It  is,  instead,  at  the  surface  a 
cnimbling  mixture  of  quartz  and  carbonate,  so  as  to  be  a  quartzose  lime- 
stone of  quite  variable  composition.  This  rock  is  so  easily  decomposed, 
and  the  beds  thereby  become  so  overshadowed,  as  it  were,  by  the  more 
enduring  hornblende  schist  with  which  it  seems  to  be  interstratified, 
that  the  structural  relations  are  difficult  to  discover.  It  is  quite  prob- 
able that  the  valley  along  whose  walls  these  exposures  occur  has  been 
formed  because  of  the  presence  of  a  rock  thus  easily  eroded. 

Several  miles  to  the  west  of  Rutledge,  in  section  30,  township  44, 
range  21  west,  are  masses  of  gneissic  rock  protruding  from  the  otherwise 
universal  sheet  of  glacial  drift.  Coursing  through  these  rocks  in  various 
directions  and  at  various  angles  of  inclination  are  dikes  of  granite. 
These  dikes  are  narrow,  yet  varying  in  width.  Structurally,  they  are 
pegmatitic ;  mineralogically,  they  consist  of  quartz,  orthoclase,  micro- 
cline,  and  plagioclase,  with  muscovite  as  the  principal  bisilicate  constitu- 
ent. The  gneissic  rocks  are  modified  profoundly  by  acid  intrusives,  the 
most  prominent  result  being  a  coarser  texture,  the  presence  of  accessory 
garnets  and  pyrite,  and  the  tendency  to  assume  gneissic  foliation. 

Snake  Rivek  Localities 

• 

Along  Snake  river,  in  township  42,  range  23,  through  several  sections, 
at  intervals  a  more  conspicuous  occurrence  of  granitic  dikes  and  inclos- 
ing schists  is  seen.  At  the  log  dam  and  sluice  in  section  9  occurs  a  most 
confused  association  of  these  rocks.  A  diabase  dike  several  feet  in  width 
and  of  vertical  position  here  breaks  across  the  river.  The  schists  are 
biotite  muscovite  of  a  mediumly  coarse  texture,  not  only  strongly 
schistose,  but  even  clearly  foliated.  The  muscovite  is  locally  well 
crystallized  and  again  segregated  into  nests  of  radiating  individuals 
pinnately  distributed  along  the  fracture  planes  induced  in  the  rock  by 
this  mineral. 

The  granite  is  usually  gray,  locally  fine  grained,  but  when  in  contact 
with  the  schists  inclined  to  take  on  a  pegmatitic  habit  having  every  ap- 
pearance of  coarse-grained  granitic  dikes.  There  are  many  veins  and 
lenticular  masses  of  quartz,  some  of  them  reaching  a  thickness  of  one 
foot  or  more.  The  jointing  of  these  rocks  is  quite  pronounced.  The 
direction  is  vertical,  and  the  joints  stand  from  4  to  10  feet  apart.  Tlie 
remarkably  zigzag  character  of  the  channel,  as  the  river  cuts  its  way 
through  walls  nearly  vertical  and  15  feet  high,  is  a])parently  due  to  the 
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strength  of  this  jointing  and  the  success  of  the  river  in  following  these 
lines  of  least  resistance  as  it  carved  its  bed  in  the  fresh  crystalline  rocks. 

Rum  River  Valley 

Along  the  Ann  and  upper  Rum  rivers,  including  some  hitherto  unde- 
scribed  localities  around  the  east  side  of  lake  Mille  Jjacs,  are  many  ex- 
posures of  a  medium  grained  hornblende  biotite  granite  with  no  visible 
areas  of  schists.  There  are  two  types  of  granitic  rocks :  one  red  aiul 
somewhat  coarse  grained,  seen  along  the  west  branch  of  the  Rum  river 
and  its  tributaries ;  and  the  other  light  gray  and  medium  grained,  char- 
acteristic of  the  Ann  river  valley.  There  are  representatives  of  tlie  two 
granite  types,  the  red  and  the  light  gray,  found  in  the  region  interven- 
ing between  the  Kettle  river  on  the  east  and  the  Mississippi  on  the 
west,  comprising  i^everal  thousand  square  miles  in  the  very  center  of  the 
state.  These  Rum  River  and  Snake  River  outcrops  would  seem  to  be 
along  the  eastern  border  of  the  granitic  area,  where  the  exposures  dis- 
close a  series  of  dikes  breaking  into  and  markedly  modifying  the  older 
schists  which  stretch  southwestward  from  the  graywacke  beds  of  the 
Thomson  district. 

Morrison  County 

Northwestward  from  the  foregoing,  between  lake  Mille  Lacs  and  the 
Mississippi  river,  at  the  mouth  of  the  Elk,  are  many  exposures  of  granites 
and  gneisses.  At  the  Mississippi  itself  are  extensive  areas  of  hornblende- 
biotite  schists  carrying  garnets  and  staurolite  in  profusion.  At  the  large 
reef  below  the  mouth  of  the  tributary  Swan  river  a  bed  of  rather  fine 
grained  pink  limestone  was  reported  several  years  ago.  The  accounts 
would  seem  to  make  it  identical  with  the  limestone  exposed  southwa^^t 
of  Sturgeon  lake.  If  this  surmise  be  correct,  the  two  localities  have  be- 
tween them  many  intrusions  of  granitic  eruptives.  At  Little  Falls  and 
westward  are  intrusions  of  basic  rocks,  both  diabase  and  gabbro.  Ex- 
tensive exposures  of  biotitic  olivine  gabbro  occur  in  section  13,  township 
129,  range  30  west,  and  in  a  succession  of  outcrops  southward  far  into 
Stearns  county.  In  the  northwestern  corner  of  Morrison  county  altered 
schists  occur  striking  westward  and  standing  nearly  vertical.  In  their 
alteration  much  calcium  carbonate  has  been  formed,  which  at  the  pres- 
ent time  constitutes  a  considerable  bulk-percentage  of  the  schists.  Be- 
yond Morrison  county  northwestward  the  schists  have  not  been  seen. 
Eruptives,  both  acidic  and  basic,  are  exposed;  the  former  as  epidote 
granites  at  Ashley,  Ward,  and  in  southwestern  Cass  county ;  the  latter, 
besides  several  diabase  dikes  at  several  localities,  in  an  area  of  interest- 
ing apatite-diorite  at  the  mouth  of  Fish  Trap  brook.    Northward  of  the 
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Morrison  County  exposures,  glacial  drift  covers  the  schists,  as  remarked 
in  the  mention  of  the  Brainard  deep  well  (,anUy  page  346). 

Taken  as  a  whole,  Morrison  county,  in  its  content  of  rock  types  among 
the  ancient  crystallines,  is  among  the  most  diversified  areas  of  the  state. 
The  range  of  granitic  rocks  represents  several  varieties,  and  gneisses  in 
the  eastern  part  of  the  county  are  important.  Gabbros,  diorites,  and 
diabases  appear  in  unexpected  force  to  the  west  of  the  Mississippi  river. 
Finally  extensive  belts  of  hornblende-biotite  schists  are  seen  to  cross  the 
course  of  the  river,  locally  loaded!  with  staurolitic  crystals  and  garnets, 
while  in  the  more  disturbed**  areas  lenses  of  a  peculiar  hornblendic 
quartzose  habit  appear,  of  sufficient  lithologic  interest  to  receive  the 
name  quartz-diorite  from  Doctor  Kloos. 

Granite  Areas 

Throughout  a  large  area  in  Benton,  Sherburne,  and  Stearns  counties 
the  rocks  are,  so  far  as  seen,  wholly  granitic.  There  is  considerable  vari- 
ation in  texture,  color,  and  chemical  composition.  An  acidic  type  pre- 
vails, represented  by  the  Le  Sauk  granites,  with  74  per  cent  of  SiO,.  A 
heavy  proportion  of  quartz  is  in  such  varieties.  Again  the  per  cent  of 
SIO,  sinks  nearly  to  69  per  cent.  Here  the  proportion  of  quartz  is  small 
and  the  color  prevailingly  dark.  These  characters  correspond  with  a 
heavy  proportion  of  hornblende  as  the  bisilicate  constituent. 

A  discussion  of  these  granite  areas  is  without  the  scope  of  this  paper. 
Their  presence  along  the  Mississippi  is  mentioned  chiefly  to  enforce  the 
westward  extension  of  the  area  believed  to  be  Keewatin,  which  stretches 
from  the  city  of  Duluth  southwestward  even  beyond  the  central  por- 
tions of  the  state. 

LiTHOLOGY   OF   THE   SeRIES 
TBB  PROBLEM  PRESENTED 

The  effort  is  made  in  the  following  pages  to  trace  a  petrographic  and 
genetic  relationship  between  the  carbonate  schists,  graywackes,  and 
graywacke  slates  of  Thomson,  Carlton,  and  Cloquet,  and  the  thoroughly 
crystalline  dolomite,  biotite,  and  hornblende-biotite  schists  as  repre- 
sented along  the  Mississippi,  Snake,  and  Kettle  rivers,  in  the  several 
localities  enumerated  on  the  preceding  pages.  Such  a  relationship  is 
not  infrequent  in  this  part  of  the  continent. 

OTHER  LOCALITIES  CITED 

Fifteen  years  ago  Van  Hise*  traced  out  and  established  the  relation- 


*C.  R.  Van  Hise:  Upon  the  origin  of  the  mica-schists  and  black  mica-slates  of  the  Penokee 
Qogebic  iron-bearing  series,  Amer.  Jour.  Scl.,  toI.  xxxi,  1886,  pp.  463-459. 
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ship  between  (1)  well  defined  graywackes  and  graywacke-slates,  (2) 
biotitic  graywackes,  (3)  biotite- schists  and  muscovitic  biotite-schist  of 
the  Penoke«s  Gogebic  range  as  a  graded  series  from  the  slightly  altere<l 
graywackes  to  the  crystalline  mica-schists,  this  relationship  being  for- 
mulated in  the  following  proposition : 

"  the  result  beint?  the  production  from  a  completely  fmgmental  rock,  by  meto- 
Bomatie  chanijrefl  only,  of  a  rock  which  presentB  every  appeaniiice  of  complete 
orii^inal  crystallization,  and  which  would  be  ordinarily  classed  as  a  genaine  crys- 
talline schtsf* 

At  nearly  the  same  time  Lawson  worked  out  the  relationship  between 
the  elastics  and  schists  of  the  Rainy  Lake  and  Lake  of  the  Woods  region 
and  stated  his  results,t  showing  that  the  granite  of  the  region  is  of  later 
origin  than  the  folded  schists,  and  that  the  period  of  folding  occurred 
at  a  date  earlier  than  that  of  the  deposition  of  the  typical  Huronian  of 
Ix)gan — that  is,  the  Animikie4 

Two  years  later  Lawson,§  in  stating  the  results  of  his  studies  around 
Rainy  lake,  says  with  reference  to  one  particular  locality,  that  the  de- 
trital  origin  of  the  series  of  fissile  soft  green  chloritic  and  hornblendic 
schists  is  established  through  their  forming  the  paste  of  a  pebble-and- 
boulder  conglomerate  (page  83  F),  and  touching  another  locality  he 
says  (page  84  F)  that  the  matrix  of  a  conglomerate  is  a  more  or  less 
calcareous,  decomposed  schist 

Again,  in  the  Black  hills  of  South  Dakota,  a  region  to  be  associated 
genetically  with  that  extending  from  lake  Superior  southwestward, 
within  which  lies  the  district  under  discussion,  Van  Hise  observed  ||  that 
slates,  quartzites,  and  conglomerates  occurring  in  a  broad  central  belt 
become  more  crystalline  and  grade  into  schists  about  the  volcanics  to 
the  north  and  the  granite  of  Harney  peak  to  the  south.  "  In  the  transi- 
tion in  both  directions,  graywacke-slates  change  into  mica-slates,  the 
mica-slates  into  non-foliated  mica-schists,  the  non-mica-schists  into 
foliated  mica-schists  (which  are  both  garnetiferous  and  staurolitic)  and 
even  into  gneisses." 

HISTORICAL  NOTES 

The  group  of  rocks  around  Thomson  and  Carlton,  as  has  already  been 
stated,  have  long  been  considered  elastics  in  origin.     In  a  vague  sort  of 

♦  Loc.  cit.,  p.  454. 

t  A.  C.  LawBon  :  Report  on  the  Geology  of  the  Lake  of  the  Woods,  Ann.  Repl.  Geol.  and  Nat.  Hist 
Survey  of  Canada,  1886,  pp.  1-I61cc. 

X  Loc.  cit.,  p.  13. 

g  Geol.  and  Nat.  HiHt.  .Survey  of  Canada,  Ann.  Rept.,  new  series,  vol.  iil,  pfc.  i,  report  F,  pp.  1-190. 

I  C.  R.  Van  Hii«o  :  The  pre-Cambrian  rocks  of  the  Black  hills.  Bull.  Geol.  Soc.  Am.,  xo\.  i.  189(^ 
pp.  2(Ki-243.    Quotation  Im  from  p.  223. 
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way  the  rocks  at  Little  Falls  have  been  regarded  as  stratigraphically  re- 
lated to  the  '^  Thomson  slatas/'  No  evidence  has  been  adduced,  either 
in  their  structural  or  mineralogic  relations,  to  confirm  this  view.  Again, 
the  granites  at  Saint  Cloud,  Sauk  Rapids,  and  Watab  have  been  held  to 
be  Archean,  and  it  was  assumed  further  that  could  a  contact  be  found 
beneath  the  drift,  it  would  disclose  the  Little  Falls  '' slates  "  as  lying 
unconformably  on  the  granites.  The  granites  of  the  Saint  Cloud  area 
Were  held  to  be  of  the  same  age  as  the  gneisses  and  gabbro  schists  of  the 
Minnesota  River  valley.  It  was  also  thought  that  the  Keweenawan  erup- 
tives  at  Chengwatana,  Taylors  Falls,  and  other  places  were  poured  out 
and  spread  over  the  slates  and  schists  as  lavas  cover  older  rocks  in 
every  other  region,  and  that  the  Cambrian  sandstones  stretched  through 
the  upper  Mississippi  River  valley  northward  until  the  worn  edges  of  all 
the  underlying  pre-Cambrian  formations  were  covered  by  them  over 
thousands  of  square  miles,  into  the  very  heart  of  the  Lake  Superior 
synclinal  trough. 

THE  GRAYWACKBS 

These  rocks  occur  around  Thomson,  Carlton,  and  Cloquet  in  extensive 
exposures,  typical  in  the  village  of  Thomson.  Their  prevailing  color  is 
a  dark  gray,  which  on  weathering  fades  almost  to  white.  The  variation 
in  mineral  composition  is  clearly  evidenced  on  the  weathered  surfaces. 
The  rocks  are  ever}' where  shattered  and  fractured  through  crustal  move- 
ments until  it  is  practically  impossible  to  quarry  blocks  of  satisfactory 
size.  Even  the  slates  are  so  fractured  and  warped  that  only  three  or  four 
localities  in  the  entire  district  have  been  found  where  plates  of  sufficient 
size  for  commercial  purposes  can  be  extracted.  Plate  32,  figure  1,  shows 
this  shattered  condition  near  the  railroad  depot  at  Thomson,  where  glacia- 
tion  has  smoothed  the  hardened  gray  wacke  surface.  Here  the  quartz,  re- 
sisting corrosion,  stands  out  in  rounded  or  etched  grains,  while  numberless 
pits  which  the  surface  carries  represent  the  former  resting  places  of  the 
more  easily  decomposed  carbonate  and  silicate  constituents.  The  grains 
vary  greatly  in  size ;  the  largest  are  the  size  of  marrowfat  peas,  the  others 
diminishing  until  a  texture  of  slaty  fineness  is  attained.  As  a  rule,  the 
finer  the  texture  the  darker  the  color,  the  slates  being  very  black.  The 
rock  is  thoroughly  indurated.  It  has  a  harsh  feel  when  broken  across 
the  planes  of  foliation.  The  individual  grains  are  so  cemented  that  a 
conchoidal  fracture  and  non-granular  habit  characterize  the  more  massive 
beds.  The  thickness  of  these  beds  could  not  be  measured,  outcrops 
showing  from  50  to  100  feet  each  ;  hence  the  total  must  reach  thousands 
of  feet. 

In  mineral  content,  the  coarser  varieties,  or  the  graywacke  proper, 

LI— Bull.  Oboi..  Soo.  Am.,  Vol.  12,  1900 
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contain  quartz  in  large  proportion.  The  frrains  are  Wgely  multigran' 
niar — that  is,  worn  dowD  from  granitic  quarts — and  partly  unigranalar. 
Feldapar  in  two  or  three  varieties  is  frequently  seen ;  so,  too,  are  parti- 
cles of  fine  black  slate  and  rounded  pebbles  of  an  ancient  diabase.  Tbat 
the  feldspars  result  from  the  degradation  of  granitic  rocks  rather  than 
basic  emptives  is  indicated  by  their  albitic  rather  tban  anorthitic  habiL 
Microcline  is  a  less  frequent,  yet  by  no  means  rare  constituent,  while 
orthoclase  was  proved  in  only  two  or  three  instances. 


The  albite  fflldspar  la  corroded  ud 
righl  the  feldgpu  in  ulinoal  wholly  sll 
of  greywacke  (aken  ±t  Thomaon. 

Microscopically  quartis  appears  in  even  greater  proportion  than  macro 
Hcopically.  A  considerable  proportion  of  the  matrix  binding  the  coarser 
grains  ie  finely  crystalline  quartz,  bearing  every  evidence  of  secondarj' 
origin.  Again,  it  is  the  result  of  alteration  m  situ.  The  rule  of  distri- 
bution is,  the  more  altered  the  rock  the  more  finely  crystalline,  propor- 
tionally, is  quartz  seen  to  be.  The  original  grains  of  tiiiB  mineral  can 
usually  be  distinguished  from  the  secondary  by  the  frequent  occurrence 


LITHOLOQY   OF   THE   SERIES  361 


in  the  former  of  rutile  needles,  bands  of  liquid  or  empty  inclusions,  a 
wavy  extinction,  and  other  quite  general  characters.  Hornblende  is 
present  as  a  secondary  constituent,  distributed  in  fibrous  individuals 
within  the  matrix  enveloping  and  gradually  absorbing  the  clastic  grains, 
both  fine  and  coarse. 

The  feldspars  are  next  to  command  interest.  Rarely  are  the  individ- 
ual grains  of  their  original  size  and  contour.  The  outline  is  not  sharp 
and  smooth  as  one  would  expect  in  a  rounded  grain,  but  the  contact 
line  shows  a  finely  crystalline  interlocking  of  several  mineral  species. 
A  slight  kaolinization  characterizes  the  freshest  feldspars,  and  this  in- 
creases with  the  degree  of  alteration  undergone.  Complete  replacement 
has  undoubtedly  taken  place  in  some  of  the  feldspars.  Figure  1  shows 
their  usually  partially  altered  condition.  The  grain  is  still  present  in 
spots  and  lines  which  lie  with  considerable  regularity  of  direction.  The 
finely  crystalline  alteration  product  in  this  case  is  a  uniaxial  mineral 
and  is  thought  to  be  siderite. 

The  matrix  now  binding  these  grains  of  quartz,  feldspars,  and  less 
frequent  rock  and  mineral  fragments  together  is  very  finely  crystalline. 
It  consists  largely  of  quartz,  yet  partly  of  hornblende,  biotite,  and  kao- 
linic  and  chloritic  minerals.  In  origin  it  is  largely  interstitial  deposited 
as  independent  particles.  Its  source  is  doubtless  within  the  rock  mass 
itself  and  for  the  most  part  in  the  corroded  grains  of  quartz,  feldspar, 
and  other  more  easily  soluble  silicates.  Not  all  the  matrix  material  is 
secondary,  since  naturally  many  fine  grains  of  the  constituent  minerals 
were  sifted  in  among  the  larger  oues  as  the  rock  was  laid  down. 

The  quartz  and  feldspar  fragments  even  in  the  least  altered  sections 
show  no  clear  traces  of  secondary  growths.  In  this  respect  they  differ 
from  these  same  mineral  grains  in  the  Penokee-Gogebic  range  as  de- 
scribed by  Van  Hise.* 

THE  ORAYWACKE  SLATES 

The  most  conspicuous  difference  between  these  rocks  and  those  just 
described  is  that  of  texture.  The  gradation  from  the  coarsest  gray  wackes 
to  the  fine  and  often  glossy  gray  wacke  slates  is  difficult  to  follow  because 
80  imperceptible.  There  is  nowhere  any  sharp  line  of  separation.  Even 
where  the  division  can  be  located  within  a  band  2  or  3  inches  wide  the 
line  is  still  indistinct.  The  actual  separation  is  to  be  sought  for  in  the 
texture  of  the  sediments  out  of  which  these  rocks  have  been  developed. 
The  deposits  were  alternatingly  coarse  and  fine.  Where  coarse,  the  gray- 
wackes  have  come  down,  and  where  fine,  the  gray  wacke  slates  occur  in 
increasing  fineness  until  the  clay  slates,  which  have  been  quarried  in 

♦  Loc.  Cit.,  p.  466. 
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several  places  around  Thomson  and  Cloquet,  represent  the  existing 
alteration  stage. 

THR  CLAY  SLATB8 

These  are  extremely  finely  crystalline  rocks  occurring  in  bands  from 
2  or  3  to  many  feet  in  thickness  between  the  layers  of  graywacke  and 
graywacke  slate.  The  difference  between  the  clay  slates  and  those  ap- 
parently  lies  in. the  effect  which  pressure  and  shearing  have  left  upon 
them.  The  slates  have  a  well  defined  cleavage,  so  complete  that  con- 
siderable quarrying  has  been  done,  while  the  graywackes  have  a  typical 
schistosity,  the  more  perfect  as  the  rocks  are  more  thoroughly  altered. 
The  two  are  seen  side  by  side  la  many  situations,  as  plate  31,  figures 
1  and  2,  clearly  shows. 

The  texture  of  the  clay  slates  is  so  extremely  fine 'that  the  mineral 
composition  cannot  satisfactorily  be* determined.  In  comparison  with 
the  commercial  product  of  the  Slatington  quarries  of  Pennsylvania,  no 
marked  difference  was  seen.  Series  of  slides  made  from  the  ordinary 
roofing  slates  of  Thomson  and  Cloquet  and  from  the  graywacke  series 
gathered  at  different  points  within  this  district  gave  texture  the  chief 
distinction  to  be  made.  The  fundamental  difference  is  no  doubt  one  of 
chemical  composition,  brought  about  by  the  variation  in  the  size  of 
grain  and  consequent  transportation  at  the  time  sediments  were  deposit- 
ing. The  transverse  cleavage  characterizing  the  slates  is  due  to  inove- 
ments  produced  by  lateral  compression.  This  force  has  been  sufficient 
to  produce  the  cleavage  phenomenon  in  the  fine  sediments  through  their 
capacity  for  microscopic  faulting,  and  to  place  in  vertical  direction  the 
carbonate  concretions  which  occur  both  in  slates  and  associated  gray- 
wackes (see  plate  31,  figure  2). 

THE  HORNBLENDE  GRAYWACKES 

These  rocks  differ  from  the  foregoing  graywackes  in  the  extent  to 
which  alteration  has  progressed.  Quartz  which  appeared  in  those  as 
well  preserved  rounded  grains  here  has  to  a  large  degree  passed  into  a 
microcrystalline  stage.  Feldspars  appear  in  rare  and  isolated  fragments 
and  in  areas  of  finely  crystalline  alteration  products,  namely,  quartz, 
calcite,  siderite,  muscovite,  and  hornblende.  The  figure  selected  for 
illustrating  this  phase  of  the  alteration  is  one  in  which  hornblende  is 
developing  a  large  area  in  crystallographic  continuity  out  of  what  are 
regarded  as  grains  of  feldspar  and  quartz.  Numerous  globular  dark 
grains,  identified  as  magnetite,  are  scattered  through  the  secondary  por- 
tions of  the  field.  More  rarely  than  in  the  preceding  are  seen  fragmenU 
of  the  earlier  rocks  out  of  whose  degradation  these  hornblende  gray- 
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wackes  were  formed.  It  is  to  be  noted  that  the  secondary  minerals  are 
in  much  smaller  individuals  than  those  from  which  they  were  derived 
(see  figure  2),  where  hornblende  is  developing  as  a  secondary  product  in 
the  metamorphism  of  these  rocks. 

TBE  HOBSaiBKDB  SCHISTS 

These  rocks  are  regarded  as  the  accomplishment  of  the  processes  of 
rock  and  mineral  alteration  acting  on  the  graywackes.  A  perfectly  crys- 
talline hornblende-schist  is  the  abundant  rock  in  the  region  west  of 
Moose  lake  and  Sturgeon  lake.     While  hornblende  occurs  in  the  freshest 
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graywackes  of  Thomson  and  Carlton  as  an  interstitial  mineral,  in  the 
r^on  just  named  it  has  developed  into  the  dominant  rock  constituent, 
placing  even  quartz  in  the  background.  The  parallel  position  of  the 
grains  is  usually  seen,  and  the  individuals  elongated  parallel  to  the 
axis  c.  Quartz  is  present  in  clear,  well  defined  grains,  bearing  every  in- 
dication of  being  secondary.  Garnets  and  magnetite  grains  are  rather 
numerous.  It  was  observed  thut  toward  the  surface  at  every  exposure 
there  was  a  greater  proportion  of  biotite  than  at  a  few  incite.':  within  the 
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rock,  a  suggestion  leading  to  the  belief  that  the  biotite  schists  of  the  dis- 
trict are  secondary  after  the  hornblende  rocks.  There  is  not  the  slightest 
trace  of  remnants  to  demonstrate  an  earlier  condition ;  hence  strati- 
graphic  relationships  and  lithologic  condition  are  the  data  accepted  in 
the  interpretation  given  of  the  stages  of  alteration  leading  up  to  the  ex- 
isting completed  schists. 

The  most  marked  macroscopic  feature  of  these  rocks  is  the  uniformly 
schistose  structure.  Locally  this  is  varied  by  the  occurrence  of  more  or 
less  contorted  veins  and  sharply  lenticular  masses  of  white  quartz.  Often 
associated  with  these  are  segregations  of  pink  orthoclase,  and  more 


FiousB  Z.—HombUnde  SehiaU. 

The  original  clastic  grains  have  entirely  disappeared, /ind  no  trace  is  seen  of  the  original  con- 
dition of  the  rock.  Hornblende  quartz  and  mi^netite  are  the  minerals  recognised.  I,  areas  of 
quarts ;  2,  hornblende. 

rarely  the  dioritic  lenses  first  noted  by  Kloos  *  at  Little  Falls,  and  since 
seen  at  many  localities  within  the  district.  Very  generally  in  these  more 
altered  phases  garnets  are  abundant.  They  are  especially  numerous  in 
those  belts  containing  the  lenticular  masses  of  white  quartz.  At  the  log 
dam  on  Snake  river,  where  the  schists  are  greatly  shattered  by  granite 
dikes,  the  texture  is  coarse. 

Microscopically  the  quartz  is  in  clear,  perfectly  transparent  grains 
carrying  few  impurities,  as  minute  crystals  of  hornblende  and  magne- 

*  J.  H.  Kloos :  Neues  Jahrbuch  fur  Mineralogie  und  Petrefactenkunde,  1877,  p.  36. 
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tite.  The  hornblende  is  in  strongly  pleochroic  plates,  with  prismatic 
habit  and  generally  parallel  position.  Figure  3  is  from  a  representative 
hand  specimen.  Magnetite  is  present.  Frequently  its  sections  are  quad- 
ratic, and  they  are  strewn  through  every  other  mineral  part  of  the  sec- 
tion. Garnets  show  the  usual  tendency  toward  absorbing  quartz  in  their 
growth  to  a  considerable  proportion  of  their  bulk.  Other  minerals  are 
rare.    Staurolite  appears  feirther  westward  as  an  important  accessory. 

THB  HORNBLBNDR-BIOTITE  SCHISTS 

These  rocks  differ  in  only  a  slight  degree  from  the  hornblende-schists 
just  discussed.  They  carry  biotite  in  addition  to  the  minerals  named 
in  the  preceding  rock,  are  quite  fresh  looking  in  normal  phases,  and  their 
texture  is  so  fine  that  it  is  difficult  to  distinguish  them  from  those  carry- 
ing only  hornblende  as  the  bisilicate  constituent.  As  a  rule,  the  horn- 
blende folia  are  very  minute  compared  with  the  biotite.  There  are  but 
few  accessory  minerals,  garnet  being  the  most  conspicuous,  while,  mi- 
croscopically, magnetite  appears. 

Tliese  rocks  have  every  appearance  of  having  resulted  from  the  altera- 
tion of  the  hornblende  schists.  It  must  be  admitted,  however,  that  the 
evidence  that  such  alteration  actually  occurred  is  incomplete.  Speci- 
mens were  not  secured  in  sufficient  quantity  and  from  crucial  points  to 
establish  the  series  or  demonstrate  the  genetic  relationship.  In  inter- 
mediate phases  traces  of  the  earlier  constituents  can  be  seen.  Veins  are 
frequent  in  these  rocks.  Their  contents  are  made  up  partly  of  enlarge- 
ments of  the  neighboring  broken  mineral  grains,  and  thus  point  to  the 
alteration  processes  as  in  progress. 

THE  BIOTITE  SCHISTS 

These  rocks  occur  in  several  localities.  In  general  field  characters 
they  are  indistinguishable  from  the  partially  altered  gray  wackes  or  the 
hornblende  graywackes  already  described.  The  freshest  phases  show 
hornblende  in  small  proportion;  normally  they  carry  biotite  as  the  al- 
most exclusive  bisilicate  constituent.  Garnets  are  a  characteristic  fea. 
ture  of  the  entire  series  of  rocks  which  have  resulted  through  the  com- 
plete alteration  from  the  graywackes.  In  the  biotite  schists  the  garnets 
are  altering  into  serpentinous  products ;  some  crystals  having  entirely 
disappeared,  the  resultant  product,  as  a  finely  crystalline  mass,  presents 
the  optical  reactions  of  serpentine. 

THE  STA  UROLITIC  BIOTITE  SCHISTS 


These  biotite-bearing  rocks  are  characteristic  along  the  Mississippi 
river  for  about  10  miles  north  and  south  of  Little  Falls.    The  strike  is 
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north  10  to  30  d^rees  east,  thus  showinpr  a  strong  deflection  southward 
from  the  general  direction  around  Carlton  and  along  the  Kettle  river 
and  its  tributaries.  The  dip  in  places  is  northwestward — 70  degrees  at 
Swan  river,  65  degrees  at  Muncys  rapids,  70  to  75  degrees  at  Pike  rapids, 
very  nearly  vertical  at  Little  Falls,  and  finally,  at  the  mouth  of  Little 
Elk  river,  the  most  northerly  point  where  exposed,  the  dip  varies  from 
vertical  to  80  degrees  southeast,  while  the  strike  is  north  40  degrees  east, 
a  notable  variation  from  that  at  Little  Falls.  Quartz  veins  usually  only 
an  inch  or  two  in  width,  lenticular  masses  of  '*  quartz  diorite,^'  the  oc- 
currence locally  of  numerous  staurolitic  crystals  from  a  half  inch  to 
two  inches  long,  with  numerous  garnets  occasionally  filling  the  matrix, 
are  the  chief  structural  characters  of  interest.  It  is  to  be  noted  that 
these  are  characters  peculiar  to  contact  phenomena.  Microscopically 
the  typical  rock  is  a  biotite  schist.  A  specimen  from  Pike  rapids,  one 
of  the  finest  exposures  on  the  Mississippi  river,  shows  a  groundmass  of 
finely  crystalline  quartz  grains  with  much  coarser  folia  of  biotite  plenti- 
fully distributed.  Crystals  of  staurolite  and  garnet  are  numerous,  the 
former  up  to  an  inch  in  length  scarcely  differentiated  from  the  quartz  of 
the  groundmass  of  the  rock,  while  the  light  pink  garnets  are  also  full 
of  quartzose  inclusions.  They  seem  to  have  rejected  every  other  mineral 
save  quartz  in  their  crystallization.  At  the  surface  the  biotite  has  under- 
gone that  physical  change  which  in  reflected  light  results  in  the  lustrous 
golden  yellow  color  so  frequently  observed  in  decaying  ^rifl  boulders, 
namely,  the  deposition  on  the  cleavage  folia  of  films  of  iron  oxide. 

THE  LIMESTONES 

These  rocks  ofifer  a  wide  range  of  varietal  characters.  In  the  creek  to 
the  north  of  the  high  exposures  of  fibrous  hornblende  schist  southwest 
of  Sturgeon  lake,  the  limestone  is  remarkably  free  from  mineral  impur- 
ities. The  texture  is  fine,  color  a  clear,  delicate  pink,  and  structural 
planes  distinct.  The  other  exposures  are  less  clearly  carbonates.  Where 
the  abandoned  gorge  occurs,  the  rock  gives  every  evidence  of  profound 
alteration.  The  surface  is  disintegrating  mingled  silicious  and  calcare- 
ous material  in  which  the  residual  is  a  mass  of  incoherent  quartzose 
fragments.  Beneath  the  surface  the  rock  is  firmer;  within  3  or  4  feet  it 
is  quite  coherent  and  appears  to  be  a  mass  of  quartz  grains  of  clastic 
habit  imbedded  in  a  matrix  of  dolomite.  The  contortion  seen  in  the 
rock  is  apparently  due  to  alteration  under  great  pressure  with  more  or 
less  shearing.  There  is  ferric  oxide  enough  in  all  these  layers  in  which 
the  carbonates  occur  to  give  the  red  color  to  the  rock  on  exposure. 

An  analysis  made  by  Mr  Levi  B.  Pease,  of  the  University  of  Min- 
nesota, of  the  samples  which,  both  to  the  unaided  eye  and  under  the 
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microscope,  seemed  to  be  freest  from  impurities,  gave  the  following 
result : 

Per  cent. 

SiO, 6.02 

AljOj 14.20 

Fe,0, 2. 00 

CaCO, 60.62 

MgCO, 19.11 

^  100.85 

Farther  to  the  north,  in  the  midst  of  the  gray  wacke  slates,  the  horn- 
blendic  graywackes,  and  the  hornblende  schists,  bands  of  carbonates 
occur,  varying  from  a  few  inches  to  several  feet  in  thickness.  They  show 
numerous  grains  of  quartz  intermingled  with  the  limestone.  In  short, 
the  same  characters,  save  in  color  and  degree  of  alteration,  distinguish 
these  bands  as  have  been  described  for  the  thoroughly  crystalline  lime- 
stones near  Sturgeon  lake. 

THE  GRANITES 

These  rocks  are  chiefly  of  the  hornblende-biotite  type.  In  Morrison 
country  a  light  gray  biotitic,  rather  finely  textured  outcrop  occurs.  At 
the  now  abandoned  site  of  Granite  City  an  unusual  hornblende  gneiss 
occurs.  Gneissic  features  occur  along  the  Rum  river.  At  two  or  three 
localities  on  Snake  river  interesting  dikes  of  granite  break  through  the 
schists  and  make  them  more  coarsely  crystalline. 

For  miles  along  the  Mississippi  river,  past  Watab,  Sauk  Rapids,  and 
Saint  Cloud,  exposures  of  these  granitic  rocks  abound.  Of  the  horn- 
blende-biotite type,  they  once  were  augitic  rocks,  for  in  the  freshest  ex- 
posures augite  cores  still  remain  in  the  midst  of  the  clustered  hornblende 
individuals,  while,  as  the  rule  of  distribution,  biotite  individuals  form 
a  circle  outside  the  hornblende  clusters. 

•  THE  DIABASES 

» 

The  dike  rocks,  of  which  two  or  three  varieties  are  included  under  the 
more  generic  term  diabase,  occur  throughout  the  entire  district  under 
discussion.  They  present  some  local  phases  of  interest,  and  show  a 
considerable  range  of  special  characters.  They  can  not  here  be  described 
in  detail.  It  may  be  said  that,  as  a  rule,  they  are  of  the  porphyritic 
type.  Feldspar  is  usually, in  lath-shaped  individuals,  lying  within  a 
groundmass  of  feebly  reacting  minerals,  finely  crystalline  in  texture  and 
to  a  great  extent  altered  from  their  original  condition.  The  feldspars 
are  in  some  instances,  as  in  a  dike  in  the  railway  cut  south  of  Carlton, 
extremely  fresh  crystals  of  labradorite,  and  in  others  so  far  altered  into 

LII— Bull.  Gsol.  Sog.  Am.,  Vol.  12,  1900 
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finely  crystalline  kaolinic  material  as  to  be  almost  indistinguishable. 
At  Little  Falls  and  Sauk  Rapids  olivine  is  seen  in  partially  decomposed 
crystals.    In  these  dikes  olivine  was  once  a  very  important  constituent. 

THE  OABBRO 

Gabbro  is  mentioned  here  because  it  occurs  in  Little  Falls  at  the  western 
end  of  profile  V,  plate  30,  from  Little  Falls  to  Taylors  Falls,  across  the 
southern  and  southwestern  portions  of  tl^  area  under  discussion,  and 
mapped  on  plate  29.  A  belt  of  gabbro  bosses  stretches  from  Little  Falls 
into  the  southern  half  of  Stearns  county.  They  are  believed  to  be  post- 
Keewatin.  They  are  throughout  quite  similar  in  lithologic  characters; 
hence  the  Little  Falls  outcrop  may  be  taken  as  a  type.  This  rock  is  a 
biotitic  gabbro.  Labradorite,  diallage,  possibly  hypersthene,  olivine, 
magnetite,  and  several  alteration  products  derived  particularly  from  the 
decomposing  hypersthene  and  olivine,  mark  the  mineral  habit  of  the 
rock  species.    The  texture  is  medium,  and  alteration  is  marked. 

VEINS  AND  VBINSTUFFS 

Around  Thomson  and  Carlton,  and  similarly  throughout  the  Saint 
Louis  River  district,  there  occur  a  large  number  of  veins.  Most  of  them 
are  thin,  and,  save  as  they  point  to  structural  conditions,  insignificant 
They  are  plainly  veins  of  infiltration  wherever  any  direct  clue  to  origin  can 
be  seen.  In  plate  32,  figure  2,  is  seen  a  quartz  vein  from  one  to  three  inches 
in  width,  which  is  involved  in  the  crumbling  of  the  rocks  to  an  unusual 
extent.  In  many  of  the  microscopically  narrow  veins  quartz  is  the 
leading  constituent,  through  which  hornblende  needles  are  projected  into 
the  veinstuflf  from  the  edges  of  broken  hornblende  individuals.  The 
process  was  one  of  enlargement  of  the  hornblende  grains  through  the 
attachment  in  crystallographic  continuity  of  fibers  extending  the  pris- 
matic axes  of  the  old  and  disrupted  hornblende. 

There  frequently  are  to  be  seen  the  attachments  of  quartz  crystals  to 
the  walls  of  the  minute  fissures,  with  their  axial  or  c  directions  pointed 
across  the  space,  not  in  crystallographic  parallelism  but  rather  in  one 
general  direction.  As  veins  become  broader,  the  arrangement  of  vein 
contents  becomes  more  complex,  until  when  feet  across  they^  are  made 
up  almost  entirely  of  granular  quartz,  pegmatitic  masses,  intermingled 
siderite,  and  in  one  or  two  instances  segregated  sulphides.  An  exam- 
ple of  the  first  named  is  seen  at  the  bridge  across  the  Saint  Louis  rivei 
at  Thomson.  It  stands  nearly  perpendicular  and  strikes  quite  nearly 
with  the  slates  through  which  it  breaks.  It  conforms  therefore  in  posi- 
tion with  the  slaty  cleavage  of  the  region.  Yet  it  is  far  from  regular. 
Its  thickness  varies,  both  horizontally  and  vertically. 
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This  vein  is  cut  by  dikes,  showing  its  relatively  great  age.  It  is  be- 
lieved to  extend  past  Barnum  and  to  reappear  on  Kettle  river,  where  a 
similar  quartz  vein  has  been  explored  for  gold  west  of  Sturgeon  lake. 

In  the  Blackhoof  valley  are  several  interesting  veins.  Quartz  is  the 
dominant  coilstituent  still,  but  associated  with  it  is  siderite,  somewhat 
coarsely  crystalline,  which  alters  easily,  leaving  a  soft,  hydrous  oxide 
of  iron.  The  siderite  is  not  confined  to  veins,  but  is  scattered  exten- 
sively through  the  neighboring  schists  in  crystals  and  crystal  clusters, 
weathering  easily,  leaving  the  iron-rusted  pits  more  or  less  thickly  scat- 
tered through  the  rocks.  There  is  usually  a  film  of  dark  green  to  black 
talc  like  material  enveloping  the  veinstuff  and  separating  it  from  the 
rock  mass. 

West  of  Sturgeon  lake  there  is  an  enormous  number  of  quartz  veins. 
They  are  of  the  lenticular  and  gash- vein  type.  The  rock  becomes  thickly 
studded  with  garnets ;  its  texture  grows  considerably  coarser ;  the  veins 
are  not  wide,  a  few  inches  being  the  greater  thickness.  .  They  frequently 
anastomose  in  a  very  complex  manner. 

Passing  farther  southwestward  into  the  central  Minnesota  area  the 
veins  are  partly  quartz  and  partly  of  the  granitic  type.  The  latter  are 
locally  pegmatitic,  with  coarse  and  well  developed  feldspar  individuals 
imbedded  in  a  matrix  of  hornblende  and  biotite,  while  elsewhere  they 
are  finely  textured,  possess  a  reddish  color,  and  are  highly  silicious  in 
composition. 

The  veins  are  thus  noted  because  their  lithology  and  distribution  are 
closely  associated  with  the  petrographic  characters  of  the  rocks  under 
discussion.  They  carry  evidence  which,  taken  in  connection  with  other 
lines,  confirms  in  the  writer  s  mind  the  close  genetic  relationship  of  the 
entire  series. 

Age  of  the  Series 
earlier  views 

The  age  of  these  rocks  has  always  been  considered  with  reference  to 
the  occurrences  at  Thomson  or  where  the  staurolitic  biotite  schists  cross 
the  Mississippi  river  around  Little  Falls. 

The  Thomson  series  were  regarded  as  Animikie,  Upper  Huronian, 
until  Spurr  announced  in  1894,  on  what  he  regarded  as  sufficient  evi- 
dence, his  belief  that  they  were  at  least  as  old  as  the  Keewatin.*  The 
grounds  on  which  the  earlier  correlations  were  based  were  partly  theo- 
retic and  partly  lithologic.  General  composition  and  structural  habit 
constituted  the  basis  of  determination. 

When  T.  Sterry  Hunt,  in  1883,  found  the  concretions  of  the  slates  and 

♦  Amer.  Jour.  Sci.,  vol.  148,  1894,  p.  162. 
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gray  wackes  at  Thomson,  examination  led  him  and  J.  W.  Dawson  to  the 
conclusion  that  they  must  be  evidence  of  keratose  sponges.*  That  de- 
cision assigned  the  rocks  containing  them  to  an  early  Paleozoic  terrane. 
The  geologists  of  the  northwest  for  more  than  20  years  have  held  to 
the  Huronian  age  of  these  rocks,  using  the  term  Huronian  in  its  broad 
sense.  This  assignment  has  had  as  the  strongest  argument  urged  in  its 
favor  a  general  lithologic  resemblance,  reinforced  by  geographic  situa- 
tion. Spurr  writes  one  paragraph  in  the  history  of  correlation  so  well 
that  he  may  be  quoted  in  part : 

•*In  the  Third  Annual  Report  of  the  United  States  Geological  Purvey,  Trvingt 
first  hinted  at  the  correlation  of  the  'Saint  Louis  slates'  with  the  Animikie  of 
northeastern  Minnesota,  as  observed  at  that  time  around  Gun  flint  lake  and 
Thunder  bay.     He  pointed  out  the  general  iithological  resemblance  between  the 
two  series  and  noted  the  difference  in  that  the  *  Saint  Louis  slates'  are  cleaved. 
In  the  same  report,  however,  he  X  suggested  the  correlation  of  the  uncleaved 
Animikie  slates  with  the  folded  schists  lying  further  north,  and  his  descriptions 
and  accompanying  diagram  clearly  show  that  he  included  among  these  schists  the 
lai^r  part,  if  not  the  whole,  of  what  we  now  know  as  Keewatin  ^Lower  Huro- 
nian).   In  the  Fifth  Annual  Report}  he  first  confidently  assi^rneil  to  the  Thomson 
(Saint  Louis)  series  a  place  equivalent  to  that  of  the  Animikie.    ...    In  the 
Seventh  Annual  Report  ||  he  again  refers  to  the  Saint  Louis  slates  as  Animikie, 
and  here  first  hints  as  to  what  horizon  of  the  Huronian  they  were  believed  by 
him  to  belong— that  is,  the  same  as  that  of  the  upper  slates  of  the  Animikie  series 
as  represented  by  the  Mesabi  range."  ^ 

In  the  paper  referred  to  (page  163)  Spurr  noted  in  the  Virginia  area 
of  the  Mesabi  range  a  transition  from  the  holocrystalline  mica  and  horn- 
blende schists,  so  pronounced  in  their  habit  in  contact  with  the  granites, 
to  easily  recognizable  sedimentary  and  only  slightly  altered  silicious  and 
clay  slates  and  graywackes  at  the  most  southward  lying  points  where 
exposed,  which  are  also  most  distant  from  the  granite  contact. 

These  Keewatin  rocks,  Spurr  adds,**  *'  possess  a  strongly  marked  re- 
gional cleavage  or  schistosity  not  far  from  vertical,"  trending  north  70 
degrees  east.  This  east-northeast  to  west-southwest  direction,  with  gen- 
erally southward  dip,  it  may  here  be  emphasized,  is  a  very  common 
attitude  of  the  Keewatin  schists  and  slates  from  the  gold-mining  district 
north  of  Rainy  lake  to  the  southernmost  exposures  now  known  on  the 
Snake  river  of  east-central  Minnesota,  an  air-line  breadth  of  200  miles. 


♦  Transactions  Royal  Soc.  Canada,  vol.  i,  ser.  Iv,  p.  5450. 

t  Roland  Duer  Irving :  Copper-bearing  rocks  of  lake  Superior.    Monograph  v,  U.  S.  Geol.  Surrey, 

1883,  p.  if.a- 

I  Op.  oit.,  p.  170. 

I  Archean  Formations  of  the  Northwestern  States,  p.  196. 

II  Classification  of  Cambrian  Formations,  p.  422. 
^  Amer.  Jour.  8ci.,  vol.  148,  pp.  IGO,  ICI. 

••  Ibid.,  p.  16.1. 
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Noting  the  characters  of  the  less  altered  phases  of  the  Virginia  Kee- 
watin,  Spurr,  on  lithologic  grounds,  correlates  these  with  the  Cloquet 
rocks  because  almost  every  phase  can  be  duplicated,  the  only  difference 
being  the  presence  in  the  latter  of  a  minor  transverse  cleavage,  while  the 
resemblance  of  the  Stony  Brook  exposures  in  section  27,  township  61, 
range  19  west,  and  the  Mesabi  gray  wackes  is  complete.*  Touching  the 
staurolitic  schists  along  the  Mississippi  river,  usually  regarded  as  the 
Thomson  series  changed  by  becoming  crystalline,  Spurr  adds  that  they 
correspond  exactly  to  the  green  schists  and  crystalline  schists  of  the 
Mesabi  district. 

Turning  to  dynamic  characteristics,  Spurr  says  that  one  of  the  greatest 
differences  between  the  least  altered  Keewatin  near  Virginia  and  the 
Mesabi  (Animikie)  slates  is  the  steeply  dipping  cleavage  in  the  former. 
This  cleavage  is  for  northeastern  Minnesota  a  distinctly  pre-Animikie 
character.  It  is  seen  in  many  localities  within  the  Keewatin  between 
Saganaga  lake  and  lake  Vermilion,  and  is  a  strongly  imprinted  character 
at  Virginia,  Stony  Brook  (lying  40  miles  south),  Cloquet,  Carlton,  and 
Thomson,  and  eastward  into  Duluth. 

On  the  foregoing  lithologic  and  structural  grounds  Spurr  correlates 
the  rocks  around  Carlton  and  Thomson  with  the  Lower  Huronian  rather 
than  with  the  Upper.  With  this  correlation  every  geologist  who,  within 
the  knowledge  of  the  writer,  has  subsequently  worked  in  this  region  has 
come  into  general  accord. 

THE  PRESENT  VIEW 

The  studies  of  recent  years,  as  set  forth  in  the  foregoing  summary  of 
petrographic  characters,  have  led  the  writer  to  the  conviction  that  the 
basal  rocks  of  the  district  described  all  belong  to  a  single  unit  of  geologic 
time.  This  unit  or  period  was  terminated  by  a  series  of  volcanic  dis- 
turbances resulting  in  extensive  accumulations  of  granite  in  the  Missis- 
sippi River  region,  a  large  number  of  granitic  dikes  in  the  district 
crossed  by  the  Rum  and  Snake  rivers,  and  a  complete  metamorphism 
of  the  vast  series  of  silicious  elastics  along  the  Kettle  River  valley.  The 
petrographic  characters  of  the  sedimentaries  have  been  thereby  so 
changed  that  no  positive  recognition  of  their  clastic  character  is  to  be 
seen  until  Mahtowa  and  Carlton  are  approached  as  one  traverses  the 
state -from  the  Mississippi  river  toward  Duluth. 

It  has  been  shown  in  the  foregoing  discussion  that  the  rocks  exhibit 
for  some  miles,  in  a  succession  of  stages  which  can  be  followed  step  by 
step  from  Thomson  southward,  the  graded  alteration  of  coarse  and  fine 
graywackes  into  sharply  crystalline  hornblende  and  hornblende-biotite 
schists  to  the  west  of  Sturgeon  lake. 


*  Loc.  cit.,  p.  166. 
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The  observations  of  Spurr  and  his  interpretation  of  them  are  accepted 
by  the  writer,  inasmuch  as  the  writer's  own  studies  lead  to  the  conclu- 
sion that  the  rocks  from  Cloquet  to  the  exposures  west  of  Sturgeon  lake 
belong  to  the  same  series,  which  series,  in  the  nomenclature  of  this  paper, 
is  designated  Keewatin. 

The  schists,  still  followed  for  miles  southwestward  from  Sturgeon  lake, 
present  no  further  variation  than  an  intenser  metamorphism  would  bring 
about,  namely,  the  occurrence  of  a  coarser  texture,  the  introduction  of 
quartz  veins  and  lenses,  and  the  presence  of  garnets,  both  minerals  giv- 
ing proof  of  great  alteration,  and  the  latter  particularly  an  index  of 
contact  metamorphism,  as  in  the  Crystal  Falls  iron-bearing  region,*  and 
^*  due  to  the  reactions  between  solutions  passing  between  the  intruded 
and  intruding  rocks  and  carrying  dissolved  salts  from  the  one  into  the 
other.'' t  In  many  localities,  literature  shows,  garnets  are  a  frequent 
contact  mineral,  and  their  presence  and  distribution  are  a  guide  in 
structural  problems. 

It  is  recognized  that  southwest  of  Sturgeon  lake  step-by-step  deter- 
mination of  the  rock-  and  time-continuity,  so  clearly  traced  from  Stony 
brook  to  that  point,  can  not  be  followed,  owing  to  the  covering  of  glacial 
drift,  which  leaves  only  occasional  exposures  in  view.  The  rock  rela- 
tionship of  these  isolated  exposures  must  for  the  present  be  a  matter  of 
opinion  rather  than  actual  demonstration.  The  opinion  of  the  writer  is 
that  westward  from  Stur<;eon  lake  to  the  Mississippi  river  and  beyond 
the  rocks  are  a  continuation  of  the  same  Keewatin  schists  as  occur  in 
the  Saint  Louis  and  Kettle  River  valleys,  broken,  displaced,  folded,  and 
altered  by  crustal  movements  and  the  intrusion  of  the  dikes,  bo^es, 
and  laccolites  of  hornblende  and  hornblende-biotite  granites.  These 
granites  have  gradually  replaced  the  schists,  until  in  Benton,  Sherburne, 
and  Stearns  counties  not  an  exposure  of  the  schists  has  yet  been  reported. 
Profile  II,  plate  30,  shows  this  displacement. 

This  opinion  is  hesitatingly  put  forth,  although  it  has  been  held  by 
the  writer  for  several  years.  Other  discoveries  are  probable,  and  other 
rock  formations  may  be  brought  to  light.  Archean  knobs  may  be  found 
protruding  through  the  complex  here  assigned  to  the  Keewatin.  The 
local  reasons  for  this  assignment  have  been  sufficiently  dwelt  upon,  if 
not  with  convincing  clearness  or  array  of  proof.  Within  any  geologic 
region  there  are  certain  rock  associations  and  relationships  that,  once 
recognized,  are  usually  reliable.  The  observations  in  central  and  eastern 
Minnesota,  on  which  the  age  relationships  are  herein  based,  are  rein- 

*Clementfl,  Smyth,  Bailey,  and  Van  Hise  :  The  Crystal  Falls  iron-be.triog  district  of  Michigan, 
etcetera.    Monograph  xxxvi,  U.  8.  Geol.  Survey,  1899,  p.  415. 

fVan  HiHc,  Bagley,  and  Smyth:  Marquette  iron-bearing  district  of  Michigan.  Monograph 
xxviii,  U.  S.  iieol  Survey,  1897,  p.  514. 


SUMMARY  373 

forced  by  the  lithologic  results  already  cited  (ante,  pa^e  357),  for  the 
Peuokee  range,  lake  of  the  Woods,  Rainy  lake,  Black  hills,  Virginia, 
Minnesota,  and  the  personal  observations  of  the  writer  along  the  northern 
boundary  of  Minnesota,  where  bosses  of  granite,  dikes  of  the  same  rock, 
and  diabase  dikes  break  through  the  schists,  which  a  few  miles  to  the 
eastward  give  place  to  clastic  rocks  either  through  the  waning  strength 
of  alteration  processes  or  by  superposition  in  identically  the  same  man- 
ner as  seen  in  this  region  under  review. 

The  further  proposition  is  proved:  Much  later  than  these  events 
another  period  of  volcanic  activity  occurred,  in  which  basic  eruptives  in 
the  form  of  dikes  of  diabase  porphyry  were  intruded  into  the  uplifted 
and  eroded  schists  and  acid  eruptives,  and  a  great  fault  line  was  devel- 
oped which  marked  the  line  of  weakness,  defining  the  line  of  volcanic 
vents,  out  of  which  poured  the  enormous  lava  flows  of  the  Chengwatana 
series  of  the  Keweenawan.^  No  trace  of  these  dikes  has  yet  been  found 
in  the  Cambrian. 

Summary 

Along  the  eastern  border  of  Minnesota,  and  extending  westward  be- 
yond the  geographic  center  df  the  state,  lies  a  belt  of  graywacke^,  schists, 
and  both  acid  and  basic  eruptives.  Around  Thomson,  Carlton,  and  Clo- 
quet  the  rocks  are  chiefly  gray  wackes  and  graywacke  slates.  Clay  slates, 
carbonate  schists,  and  diabase  dikes  are  associated  with  them.  South- 
ward rocks  occur  which  are  plainly  altered  from  the  graywacke  type 
just  named.  As  shown  by  a  very  continuous  series  of  exposures,  these 
extend  with  practically  no  change  in  lithologic  characters  well  into  the 
Kettle  River  valley.  Their  attitude  is  practically  without  change— that 
is,  they  slope  continually  southward  at  an  angle  varying  between  5  and 
20  degrees  until  the  district  west  of  Sturgeon  lake  is  reached.  At  this 
point  the  rocks  are  hornblende  and  hornblende-biotite  schists  carrying 
minerals  of  contact  significance  and  interbedded  with  an  interesting 
body  of  limestone  which  to  a  considerable  extent  is  quartzose. 
i  To  the  west  of  Sturgeon  lake  the  attitude  of  the  rocks  is  changed.  Pass- 
ing to  the  Snake  River  valley,  schists  occur  gradually  broken  by  granite 
dikes.  From  the  Snake  river  westward  to  the  Mississippi,  granite  be- 
comes of  growing  importance  until,  west  of  the  river,  no  known  exposures 
of  schist  occur,  the  rocks  being  wholly  hornblende-biotite  granites,  with 
which  are  associated  dikes  of  diabase  porphyry  and  bosses  of  biotitic 
gabbro. 

The  petrographic  characters  of  the  rocks  are  named.    They  correspond 
precisely  with  the  stratigraphic  and  structural  characters  just  stated  in 

•  This  Bulletin,  ante^  p.  327. 
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the  interpretation  they  afford  of  the  genesis  and  stratigraphic  relations 
of  the  rocks  under  discussion.  The  regions  named  as  affording  similar 
petrographic  conditions  are  the  Black  hills  of  South  Dakota,  Penokee- 
Gogebic  iron  range  of  Michigan- Wisconsin,  the  lake  of  the  Woods,  Rainy 
lake,  the  International  boundary,  and  the  Mesabi  iron  range  at  Virginia; 
which  conditions  point  to  these  genetic  states : 

1.  A  period  of  sedimentation  took  place,  during  which  mediumly 
coarse  to  fine  silicious  deposits  were  laid  down  over  a  large  area  and  to 
a  great  thickness,  estimated  not  less  than  20,000  feet. 

2.  Following  this  came  a  period  of  volcanic  activity,  during  which 
enormous  quantities  of  hornblende-biotite  granite,  originally  augitic 
acidic  rocks,  were  poured  out  to  the  westward,  probably  contemporane- 
ous with  the  granitic  intrusions  of  the  Mesabi  range  and  Rainy  lake. 
These  intrusions  faded  out  into  a  series  of  minor  bosses  and  dikes  to  the 
eastward  and  in  the  central  part  of  the  area  described. 

3.  Farther  away  from  this  center  of  volcanic  activity  the  schistose 
condition  of  the  sediments  becomes  less  distinct  until  typical  and  slightly 
altered  gray wackes  prevail. 

4.  After  an  era  of  uplift  and  erosion,  the  entire  area  was  subject  to 
further  volcanic  invasion,  when  extensive  dikes  of  diabasic  rocks  were 
forced  into  gray  wackes,  schists,  and  granites  alike;  the  southeastern 
edge  of  the  intruded  rocks  was  forced  down  by  the  development  of  a 
fault  line  and  became  covered  with  hundreds  of  feet  of  sandstone  sedi- 
ments, when  the  great  Cambrian  transgression  of  the  sea  took  place. 

The  age  interpretation  accepted  for  the  rocks  under  discussion  is  that 
of  Spurr,  who  regards  the  rocks  along  the  Saint  Louis  river  as  Keewatin, 
basing  his  correlation  on  their  relations,  geographic,  structural,  and  lith- 
ologic,  to  the  Keewatin  schists  in  the  neighborhood  of  Virginia,  on  the 
Mesabi  iron  range. 

The  series  along  the  Saint  Louis  river  is  shown  to  continue  through 
the  Blackhoof  valley  and  into  that  of  the  Kettle  river  as  far  as  the  ex- 
posures west  of  Sturgeon  lake  as  a  series  of  finely  crystalline  hornblende 
and  hornblende-biotite  schists.  These  Blackhoof  and  Kettle  River  schists 
are  therefore  held  to  be  of  Keewatin  age. 

The  rocks  stretching  southwestward  from  Sturgeon  lake  across  Snake 
and  Rum  rivers  into  central  Minnesota  are,  on  account  of  their  geographic 
continuation  and  lithologic  and  structural  habit,  assumed  to  be  a  con- 
tinuation of  the  same  schists  as  were  followed  from  the  Saint  Louis  into 
the  Kettle  River  valley — that  is,  Keewatin. 

If  the  investigations  and  opinions  herein  set  forth  prove  in  their  gen- 
eral features  to  be  correct,  the  eastern  and  central  portions  of  Minnesota 
must  be  mapped  as  Algonkian  rather  than  Archean,  as  has  hitherto  been 
done. 
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.    Explanation  of  Platks 

Plate  29. — Map  of  Central-EaUem  Minnesota 

On  this  map  are  represented  all  the  rock  expoemres  known.  The  conventional 
expresses  the  type  of  rock.  The  northern  part  of  the  map  is  probably  Animikie ; 
it  is  generally  believed  to  be  underlain  by  the  southward  stretching  beds  of  the 
Mesabi  iron  range.  The  southeastward  lK)rder  is  determined  by  the  exposures  of 
several  localities  and  the  deep  well  at  Dal  bo.  The  fault  line  defines  the  northwest- 
ward limits  of  the  Keweenawan  of  eastern  Minnesota.  Topography  from  maps  of 
Geological  Survey  of  Minnesota. 


Plate  30. — Profiles  across  the  Keewatin  of  Eastern  Minnesota 

I. — Profile  from  the  Giants  range  to  Wrenshall. 

This  is  a  general  section  of  the  Mesabi  Iron  range  (after  J.  E. 
Spurr),  and  the  clastic  series  from  Stony  brook  to  Wrenshall. 
To  the  south  of  the  Mesabi  lies  the  series  of  more  or  lesa  folded 
graywackes  and  associated  rocks  north  and  south  through  Clo- 
quet  and  Carlton,  where  the  rocks  are  in  almost  continuous 
exposure. 

II.— Profile  from  Duluth  to  Saint  Cloud. 

The  rocks  are  in  exposure  at  all  points  named  on  the  profile.  A 
small  area  of  Cambrian  sandstone  lies  between  the  Snake  River 
and  Ann  River  crystallines. 

III. — Profile  from  Cloquet  to  Hinckley  along  the  Kettle  river. 

Beginning  west  of  Cloquet  the  profile  passes  through  the  quarry- 
town  of  Sandstone  to  sections  22-23,  township  41,  range  20, 
where  the  great  Keweenawan  fault  line  lies.  The  Cambrian 
completely  covera  the  underlying  Algonkian  rocks  from  Rut- 
ledge  southwards. 

IV. — Profile  from  Aitkin  to  Cheng watana. 

The  glacial  Lake  Aitkin  clays  are  assumed  to  overlie  the  westward 
extension  of  the  Mesabi,  since  to  the  southeast  of  Aitkin  quartz- 
ite  has  been  discovered.  Cambrian  sandstones  exposed  on  the 
Snake  river  and  penetrated  to  700  feet  at  Pine  City  near  Cheng- 
watana  are  assumed  to  be  continuous  between  these  points. 

v.— Profile  from  Little  Falls  to  Taylors  Falls. 

To  the  east  of  Dalbo  this  profile  passes  outside  the  area  mapped. 

All  of  these  profiles  are  partly  generalized. 

LlII— Bum..  Gkol.  8oc.  Am.,  Vui..  12,  lJ»n() 
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Plate  31. — Slate  Quarry  and  Graytoacke  Exposure 

Figure  1. — ^Slate  quarry  at  Thomson,  Minnesota. 

The  slate  dips  strongly  southward.  The  dia|i;onal  lines  across  the 
face  of  the  quarry  represent  the  bedding  planes.  Lenticular 
nodules  of  sideritic  material  lying  along  these  lines  have  assumed 
a  vertical  position  conforming  with  the  slaty  cleavage.  This 
cleavage  can  be  seen  on  the  left  of  the  picture  above  the  hammer. 
Photograph  by  C.  P.  Berkey. 

Figure  2. — Shattered  surface  of  gray  wacke  and  gray  wacke  slate,  Thomson,  Min- 
nesota. 

The  dip  is  southward.  In  these  rocks  also  the  carbonate  nodnlee 
have  been  squeezed  into  a  vertical  position.  These  are  well  shown 
on  the  knob  to  the  right.  Near  the  middle  of  the  picture  is  a  finely 
carved  glacial  groove  whose  wearing  is  in  the  direction  of  tlie  bed- 
ding of  the  rocks.     Photograph  by  C.  P.  Perkey. 


Plate  32. — Oray wacke  Slate  and  Oraywacke 

Figure  1. — Exposed  surface  of  gray  wacke  and  gray  wacke  slate  near  Thomson, 

Minnesota. 

The  rock  is  thoroughly  jointed,  and  occasionally  some  displacement 
is  seen.  This  fracturing  was  probably  produced  coincident  with 
the  production  of  the  slaty  cleavage  seen  in  neighboring  clay  slates. 
Surface  produced  by  glaciation.     Photograph  by  C.  P.  Berkey. 

Figure  2.~6raywacke  with  contorted  quartz  vein,  Carlton.  Minnesota. 

This  view  is  from  the  railroad  cut  south  of  Carlton,  Minnesota,  and 
.shows  a  greatly  contorted  qiiartz  vein  one  to  three  inches  wide. 
The  gray  wacke  is  quite  compact  and  free  from  the  sideritic  nodules 
characteristic  of  the  exposures  at  Thomson,  as  shown  on  the  pre- 
ceding plate.    Photograph  by  C.  P.  Berkey. 


BULL.  QEOL.  SOC.  AM.  VOL.  12,  1900,  PL.  32 


inVHt  I.— RXPCOI 


aULLEtlN  6P  THE  QgOLdGICAL  SOCIETY  OF  AMERICA 

Vol.  12,  pp.  877-394,  PL8.  3d-34  SePTEMBEF^  4,  1901 


GEOLOGY  OF  RIGAUD  MOUNTAIN,  CANADA 

BY  OSMOND  BDGAR  LE  ROY* 

(Read  before  the  Society  December  28^  1900) 

CONTENTS 

Page 

Introduction 377 

Topography 378 

General  geology 381 

Petrography 383 

Hornblende  syenite '. ', 383 

Quartz-syenite  porphyry 386 

Qnartz  porphyry ; 388 

Aplitic  dike .....' 389 

Laurentian  hornblende-granite  gneiss 390 

Amphibolite 390 

Relation  of  Rigaud  to  the  other  igneous  hills  in  the  vicinity 390 

Grenville  area  of  syenite  and  porphyry 391 

Petrography 391 

Hornblende  syenite 391 

Quartz-syenite  porphyry 392 

Relation  of  the  Kigaud  and  Grenville  areas 393 

Summary  and  conclusion 393 


Introduction 


Rigaud  raountain  is  situated  in  the  northwestern  part  of  the  county  of 
Vaudreuil,  Province  of  Quebec,  Canada,  and  includes  in  its  area  the  parish 
of  Saint  George  and  parts  of  the  parishes  of  Rigaud,  Saint  Redempteur,. 
and  Sainte  Marthe.  It  is  the  most  western  of  a  line  of  hills  of  igneous 
origin,  which,  in  the  vicinity  of  Montreal,  forms  the  principal  topo- 
graphic feature  of  the  eastern  part  of  the  Paleozoic  plaih  of  central 
Canada.  These  hills— ^locally  termed  mountains — are  at  no  great  dis- 
tance from  the  border  of  the  V-shaped  Laurentian  protaxis,  and  follow 
a  line  of  disturbance  which  is  almost  at  right  angles  to  the  trend  of  the 
Notre  Dame  range.    In  westward  succession  there  are  Shefford,  Yamaska, 


♦  Introduced  by  F.  D.  Adams. 
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Rougemont,  Beloeil,  Montarville,  Mount  Royal,  and  Rigaud.  The  hills 
of  Brome,  lying  south  of  Shefford,  and  mount  Johnson,  south  of  Beloeil, 
are  on  another  line,  but  evidently  belong  to  the  same  series.  Sir  William 
Ix)gan  has  described  them  as  being  of  post-Silurian  age,  and  from  the 
field  relations  of  those  recently  examined  such  has  been  found  to  be  the 
case,  with  the  exception  of  Rigaud,  whose  age  is  doubtful,  owing  to 
the  fact  that  the  contact  between  the  Paleozoic  and  igneous  rocks  is 
wholly  concealed  by  drift.  In  the  absence,  then,  of  any  direct  proof 
such  as  a  contact  would  afford,  it  was  thought  by  the  writer  that  possibly 
the  petrographical  character  of  the  rocks  would  show  Rigaud  to  be  closely 
related  to  the  other  hills.  With  this  end  in  view,  a  detailed  examina- 
tion of  Rigaud  mountain  was  made,  and  the  following  pages  contain  the 
results  of  the  field  and  laboratory  work,  together  with  the  conclusions 
arrived  at. 

Topography 

Rigaud,  owing  to  the  general  levelness  of  the  immediate  surrounding 
country,  occupied  a  more  promment  position  than  its  height  would  other- 
wise warrant.  In  shape  the  mountain  is  roughly  oblong,  and  has  an 
area  of  about  15  square  miles.  The  topographic  features  closely  resemble 
those  of  the  neighboring  Iiaurentian — rounded  ridges  and  knobs  of  rock, 
partly  bare,  partly  wooded,  with  drift-floored  valleys  of  varying  width 
between.  The  marginal  area  and  some  parts  of  the  interior  are  well 
forested,  otherwise  the  rock  is  exposed  or  only  covered  by  a  scrubby 
growth.  In  the  west  the  Tnountain  consists  of  a  series  of  interrupted 
ridges,  and  longer  axes  of  which  have  an  east- and- west  trend.  The  cen- 
tral part  is  rather  plateau-like  in  character,  and  is  made  up  of  subor- 
dinate elevations  of  the  roche  moutonn^e  type,  which  exhibit  in  many 
instances  stoss  and  lee  slopes.  On  the  line  between  Saint  Geoi^e  and 
Sainte  Marthe  the  plateau  terminates  in  an  abrupt  slope  to  the  south, 
and  on  this  line  the  highest  point  of  the  mountain  is  situated,  there 
attaining  a  height  of  750  feet  above  sealevel.  From  this  slope  south- 
ward the  area  is  but  little  higher  than  the  immediate  surrounding 
country.  The  eastern  part  is  marked  by  one  ridge,  which  is  continuous 
throughout  the  width  of  the  mountain,  and  runs  in  a  northeast  direction. 
The  valleys  between  the  plateau  and  principal  ridges  are  comparatively 
broad,  shallow  depressions,  well  drained  by  intermittent  creeks  into  the 
rivers  k  la  Graisse  and  Racquette.  They  are  floored  with  gravel,  sand, 
and  sandy  loam,  which  in  recent  cuts  show  a  very  even  stratification. 

The  most  prominent  ridge  is  the  one  fronting  on  the  Ottawa  river,  the 
western  part  of  which  is  shown  in  figure  1,  plate  33.  Its  average  eleva- 
tion is  about  550  feet,  but  attains  at  its  peak  a  height  of  704  feet  above 
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sealevel.  The  slope  to  the  north  is  quite  ru^ed,  and  many  small  preci- 
pices from  15  to  40  feet  high  have  been  developed,  due  to  the  ease  #ith 
which  the  rock  joints.  The  particular  interest  attached  to  this  slope, 
])owever,  is  due  to  the  occurrence  of  two  large  boulder  deposits.  One 
of  these  fills  a  depression  just  east  of  the  peak,  and  tinged  by  local  tradi- 
tion is  popularly  known  as  the  Devils  garden.  It  is  an  irregular  oval 
in  form,  with  the  longer  axis  running  southwest,  and  occupies  an  area 
of  about  50  acres.    Higher  parts  of  the  mountain  inclose  it  on  all  sides 
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except  the  northern,  which  is  lower,  especially  in  the  northeast,  where 
the  deposit  terminates  in  a  rather  abrupt  fall  of  about  20  feet.  The 
boulders  are  subangular  or  well  rounded,  from  5  to  20  inches  in  diameter, 
and  are  arranged  in  a  series  of  parallel  ridges  which  run  in  a  direction  at 
right  angles  to  the  longer  axis.  These  ridges  when  well  marked  have 
convex  crests,  thus  giving  to  the  garden  an  undulating  appearance  when 
viewed  broadly ;  they  are  from  4  to  6  feet  high  and  from  20  to  30  yards 
apart.    In  some  parts  of  the  area  the  ridges  are  very  indistinct,  and 
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it  is  impossible  to  state  the  exact  number,  though*it  is  probably  in  the 
neighborhood  of  25.  The  garden  gradually  rises  toward  the  south- 
west; the  difference  in  level  between  the  lowest  and  highest  ridge  b 
about  125  feet,  the  former  being  350  feet  above  sealevel.  Practically  all 
the  boulders  are  the  debris  of  the  mountain  in  the  immediate  vicinity, 
not  more  than  1  per  cent  being  Paleozoic  and  Laurentian  erratics.  The 
spaces  between  the  boulders  are  quite  empty,  and  in  the  northeast  part, 
where  the  deposit  is  deepest,  several  excavations  have  been  made,  one 
of  which  was  continued  to  the  depth  of  about  20  feet  without  reaching 
bed  rock  or  any  accumulation  of  soil  in  the  interspaces.  It  is  probable, 
however,  that  the  deepest  parts  do  not  much  exceed  25  feet,  as  part  of 
the  country  south  is  drained  under  the  garden,  in  wet  seasons  the  trick- 
ling of  the  water  being  distinctly  heard,  while  on  the  occasion  of  one 
visit  running  water  was  noted  in  the  20-foot  hole. 

Separated  by  but  a  short  distance  from  the  above  is  the  second  de- 
posit*, which,  commencing  just  below  and  north  of  the  peak,  fills  in  the 
triangular  area  between  the  porphyry  and  syenite.  The  ridges  are  at 
first  irregular  and  are  composed  of  very  large  and  slightly  rounded 
boulders,  but  gradually  they  broaden  out  and  develop  into  a  series  as 
regular  and  better  marked  than  those  of  the  Devils  garden.  They  run 
in  a  southwest  direction — that  is,  at  right  angles  to  the  trend  of  the 
ridges  of  the  former  deposit.  The  other  characteristics  are  the  same  as 
in  the  case  of  the  Devils  garden,  with  the  exception  that  this  deposit  is 
probably  not  so  deep. 

The  character  of  the  boulders  in  the  Devils  garden  is  such  as  to  show 
that  they  came  from  the  mountain  immediately  to  the  east,  while  those 
composing  the  second  deposit  were  derived  from  the  cliffs  below  the 
peak.  With  reference  to  the  origin,  it  was  thought  both  deposits  were 
formed  by  the  action  of  the  waves  during  the  post-Glacial  submergence, 
and  that,  owing  to  a  comparatively  rapid  rise  of  the  land  and  the  ex- 
posed position  the  mountain  would  then  occupy,  the  finer  detritus  was 
washed  out  and  deposited  in  the  gravel  and  sand  terraces  which  now 
flank  the  mountain  in  this  vicinity.  If  that  were  the  origin,  then  the 
Devils  garden  would  have  the  character  of  a  pocket  beach  and  the  second 
deposit  that  of  a  spit.  The  objection  that  has  been  made  to  the  above 
is  that  no  beaches  now  in  process  of  formation  show  the  above  charac- 
teristics, there  always  being  some  packing  of  the  finer  detritus  between 
the  boulders.  It  has  therefore  been  suggested  that  during  the  Glacial 
period,  when  the  ice-sheet  impinged  against  the  projecting  and  prom- 
inent parts  of  the  mountains,  lines  of  drainage  were  developed  owing 
to  the  obstructions  encountered,  and  that  the  courses  of  these  glacial 
streams  were  through  the  depressions,  one  to  the  east  and  the  other  to 
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the  west  of  the  peak.  The  torrents  of  water  from  the  melting  ice  would 
partially  or  wholly  round  the  fragments  of  rock,  and  the  currents,  being 
of  suflScient  force  and  volume,  would  carry  away  all  the  finer  material 
and  deposit  it  farther  south.  After  the  retreat  of  the  ice-sheet,  and 
during  the  subsequent  submergence,  these  boulder  plains  would  to  some 
extent  have  been  worked  over  by  wave  action,  and  thus  arranged  in 
successive  parallel  ridges  or  beaches  as  they  are  found  at  present.  This 
dual  origin  seems  to  be  the  most  probable,  and  more  fully  accounts  for 
peculiarities  of  deposition  which  are  characteristic  of  both  deposits  than 
if  the  whole  work  were  ascribed  to  wave  action  alone. 

Another  point  of  interest,  and  worthy  of  mention,  is  a  fissure  spring 
which  occurs  on  the  northern  ridge  about  half  a  mile  east  of  the  Devils 
garden.  It  is  500  feet  above  sealevel,  and  from  its  height  and  its  being 
unaffected  by  seasonal  variations  it  would  appear  that  the  water  supply 
is  derived  from  some  higher  land,  in  all  probability  the  neighboring 
Laurentian  country. 

Gkneral  Gkology 

The  greater  part  of  Rigaud  mountain  is  composed  of  hornblende- 
syenite,  which  is  pierced  in  the  northwestern  part  by  an  intrusive  mass 
of  porphyry.  The  syenite  is  a  uniform,  massive,  coarse  grained  rock,  the 
exposed  surfaces  of  which  vary  in  color  from  pale  red  to  grayish  white. 
The  rock  joints  into  rough  rectangular  blocks,  which  are  very  numerous 
along  the  eastern  margin.  Red  chert  veins  cutting  the  syenite  are  com- 
mon in  all  parts  of  the  area.  They  never  exceed  half  an  inch  in  width,  and 
follow  irregular  courses,  from  a  few  inches  up  to  a  hundred  feet  in  length. 
Along  the  northwestern  margin  a  miarolitic  structure  is  developed,  evi- 
dently quite  similar  in  character  to  that  found  in  the  Baveno  granite  on 
lake  Maggtore.  The  cavities  are  of  all  sizes,  from  the  most  minute  up 
to  those  having  a  diameter  of  2  or  3  inches.  They  either  contain  well 
formed  crystals  of  feldspar  and  quartz — the  former  occurring  as  Baveno 
twins — or  crystals  of  quartz,  to  the  total  exclusion  of  th^  feldspar.  This 
structure  seems  to  indicate  that,  while  the  syenite  is  of  deep  seated  origin, 
the  then  existing  pressure  was  not  so  enormous  as  to  prevent  the  forma- 
tion of  these  cavities,  which  are  more  common  in  younger  rocks  of  this 
class,  such  as  the  granite  of  the  Castle  Mountain  mining  district,  Mon- 
tana, described  by  Weed  and  Pirsson.  The  porphyry  occupies  a  roughly 
triangular  area, surrounded  on  two  sides  by  the  syenite.  The  most  prom- 
inent part  of  the  ridge  (figure  1,  plate  33),  which  faces  the  Ottawa  river, 
forms  the  broad  base.  The  rock  shows  considerable  differentiation  of 
magma.  West  of  the  Devils  garden  it  is  a  quartz-syenite  porpliyry, 
which  consists  chiefly  of  feldspar  phenocrysts  in  a  felsitic  groundmass. 
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zone  being  quite  clear.  The  products  are  numerous  shreds  of  kaolin, 
with  an  occasional  minute  grain  of  epidote  or  calcite.  A  mechanical 
separation  by  means  of  Thoulet's  solution  resulted  in  the  oligoclase 
falling  at  a  specific  gravity  of  2.62,  the  greater  part  of  the  microperthite 
at  2.56,  and  the  remainder,  which  is  probably  almost  pure  orthoclase,  at 
2.52. 

The  microperthite  has  a  poor  form,  occurring  in  large  irr^ular  or  thick 
lath  shaped  interlocking  individuals,  with  smaller  grains  between.  The 
only  approach  to  idiomorphism  is  when  thoindividual  is  in  contact  with 
the  quartz.  In  this  case  there  is  a  partial  development- of  some  of  the 
crystal  faces.  The  cleavage  parallel  to  c  (010)  is  usually  distinct ;  that 
parallel  to  h  (001)  less  so. 

The  hornblende  is  the  common  green  variety,  with  an  extinction  angle 
of  20  degrees.  The  pleochroism  is  strong,  the  absorption  colors  ranging 
from  deep  green  to  pale  yellow  tone.  Though  usually  fresh,  in  a  few 
instances  it  is  seen  altering  to  chlorite  either  along  the  cleavage  planes 
or  zonally  from  the  interior  (plate  33,  figure  2).  The  greater  part  of  the 
mineral  follows  the  ordinary  law,  crystallizing  out  before  the  feldspar,  and 
is  generally  intergrown  with  augite  and  biotite.  It  is  rarely  idiomorphic, 
occurring  in  prismatic  sections  with  terminal  faces,  poorly  developed, 
in  rounded  basal  plates  and  irregular  grains.  The  larger  individuals 
frequently  exhibit  a  poikilitic  structure,  inclosing  differently  oriented 
grains  of  feldspar.  The  borders  of  the  individuals  are  seldom  smooth, 
but  send  out  little  extensions,  which,  penetrating  the  feldspar,  in  many 
cases  develop  into  a  skeleton  crystal  and  form  a  graphic  intergrowth 
with  the  latter  mineral.  Figure  2,  plate  33,  shows  this  structure ;  the 
skeleton  crystal  is  in  a  feldspar  individual,  but  joined  to  and  in  optical 
continuity  with  the  parent  grain.  At  other  times  the  skeleton  is  not  so 
connected,  and  then  usually  presents  a  delicate  lattice  like  structure, 
made  up  of  slender  prismatic  rods  connected  at  intervals  by  narrow 
transverse  sections.  The  most  striking  structure,  however,  is  when  the 
hornblende  occurs  in  forms  strongly  allotriomorphic  toward  the  feld- 
spar. In  this  case  it  fills  triangular  and  polygonal  interstices  between 
the  feldspar  individuals,  and  is  often  associated  with  quartz.  Figure  1, 
plate  34,  shows  this  excellently,  though  for  purposes  of  better  illustra- 
tion biotite  is  reproduced  instead  of  hornblende.  Ramsay  and  Hack- 
man*  have  described  a  Similar  structure  in  the  nepheline  syenite  of 
Pontelitschorr,  in  which  aegerine  assumes  the  form  superinduced  by  the 
nepheline  and  feldspar,  and  in  the  same  rock  a  poikilitic  intergrowth  of 
arfedsonite  and  segerine  occurs  with  the  colorless  constituents. 

Augite,  when  present,  almost  invariably  occupies  the  center  of  pris- 
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inatic  sections  of  hornblende  with  the  cleavage  planes  of  both  minerals 
coinciding.  It  is  very  pale  yellow  in  color,  and  has  an  extinction  angle 
of  40  degrees.  It  has  altered  considerably  along  the  cleavage  planes, 
and  lines  of  basal  parting,  to  a  yellow  or  brown  serpentinous  material 
with  granular  structure,  low  double  r^raction,  and  aggregate  polarization. 

Biotite  is  subordinate  in  amount  to  the  augite ;  it  is  brown  and  strongly 
pleochroic  in  deep  brown  and  pale  yellow  tones  with  a  greenish  tinge. 
With  a  few  exceptions  it  seems  to  have  been  one  of  the  first  materials  to 
crystallize  out,  and  occurs  intergrown  with  the  hornblende  or  as  inclu- 
sions in  the  feldspar.  When  included  in  the  latter,  small  idiomorphic 
forms  are  common  both  in  prismatic  and  basal  sections.  In  some  in- 
stances the  biotite  shows  that  strong  allotriomorphism  toward  the  feld- 
spar, which  has  been  previously  noted  in  the  hornblende  (see  plate  34, 
figure  1).  Though  generally  quite  fresh,  a  few  individuals  have  par- 
tially altered  the  chlorite  along  the  cleavage  planes,  while  others  have 
been  partially  or  wholly  bleached  to  muscovite  with  a  faint  greenish 
tinge  and  higher  double  refraction. 

Quartz  is  present  in  but  small  amount  and  fills  angular  spaces  be- 
tween the  feldspar  individuals.  Fluid  and  opaque  inclusions  are  very 
numerous  in  some  grains. 

The  following  accessory  minerals  exhibit  but  slight  variations  to  their 
usual  mode  of  occurrence :  Apatite  in  very  small  amount  is  present  in 
idiomorphic,  prismatic,  and  basal  sections,  rounded  grains  and  needles 
being  rare.  Colorless  zircon  occurs  in  square  basal  sections,  stout  prisms 
with  pyramidal  terminations,  and  in  large  and  small  grains,  the  latter 
being  sometimes  arranged  in  radiate  clusters.  Basal  sections  show  the 
uniaxial  and  positive  character  of  the  mineral  as  well  as  the  cleavage 
parallel  to  oo  P,  which  is  distinct.  When  the  zircon  is  included  in  the 
hornblende  or  biotite  it  is  always  surrounded  by  a  pronounced  pleo- 
chroic halo.  The  early  crystallization  of  both  the  apatite  and  zircon  is 
shown  by  their  almost  perfect  form  when  included  in  the  magnetite. 
Brown  allanite  is  a  rather  common  accessory  in  a  few  slides.  It  is  found 
in  graphic  intergrowth  with  the  feldspar,  but  usually  occurs  in  rounded 
idiomorphic  forms,  included  in  the  hornblende,  and  is  always  surrounded 
by  a  pleochoric  halo.  The  individuals  in  oo  Pt  sections  are  lengthened 
along  the  ortho-axis,  and  all  are  much  traversed  by  cracks,  the  only  dis- 
tinct traces  of  cleavage  noted  being  parallel  to  o  P.  Irregular  zonal 
structure  is  invariable,  and  in  all  cases  the  interior  is  of  a  deeper  color 
than  the  periphery.  The  pleochroism  according  to  the  zones  is  a  =  deep 
brown,  almost  opaque;  6  =  brown,  yellow;  c  =  light  brown,  pale  yel- 
low. Nearly  all  the  magnetite  which  is  in  considerable  amount  is  in- 
cluded in  the  biotite  and  hornblende.     In  the  former  it  sometimes  occurs 
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in  small  longitudinal  plates  arranged  along  the  cleavage  planes.  A  fev 
grains  of  pyrite  of  cubic  outline,  with  an  alteration  border  of  hematite, 
completes  the  list  of  constituents. 

An  analysis  of  the  freshest  rock  procurable  was  made,  the  results  of 
which  are  placed  in  the  left-hand  coUimn,  and,  for  the  sake  of  comparison, 
one  of  the  Plauen  syenite*  is  given  in  the  right. 

I.  II. 

SiO, 62.62  59.83 

AljOj 15.69  16.85 

Fe,Oa 2.07  — 

FeO 4.73  7.01 

MnO .....; 10  — 

CaO 2.60  4.43 

MgO 1,61  2.61 

Na,0 3.87  2.44 

KaO    6.95  6  57 

H,0 61  1.29 

99.76  101.03 

Specific  gravity 2.68  2.73 

I.  Hornblende  syenite,  Rigaud  (analyzed  by  O.  £.  Le  Boy). 
II.  Hornblende  syenite,  Plauen  bei  Dresden  *  (analyst  unknown). 

The  analysis  of  the  Rigaud  syenite  bears  out  the  result  of  the  micro- 
scopic examination  in  that,  as  shown  by  the  ratio  of  the  alkalies,  the 
orthoclase  is  the  predominant  feldspar  in  the  microperthite.  The  rock 
is  a  normal  syenite  and  compares  favorably  in  composition  with  the 
typical  rock  of  Plauen.  The  latter  is  higher  in  lime,  iron,  and  maj^nesia 
than  the  former,  and  lower  in  silica,  which  is  to  be  accounted  for  by  its 
containing  more  of  the  ferro*magnesian  constituent  and  less  quartz. 
The  total  alkalies  are  almost  the  same  for  both  rocks. 

qUARTZ-SYENITB  PORPHYRY 

The  porphyry,  as  has  been  previously  mentioned,  differentiates  from 
a  quartz  syenite  variety  in  the  west  of  the  mass  to  a  quartz  porphyry  in 
the  east,  with  an  intermediate  transitional  band  between. 

Megascopically,  the  quartz-syenite  porphyry  consists  of  phenocrysta 
of  feldspar,  with  a  few  of  quartz,  imbedded  in  a  dark  gray  felsitic  ground- 
mass,  which  has  an  irregular  conchoidal  fracture.  The  feldspar,  when 
fresh,  is  brownish  gray  in  color,  with  good  cleavage  and  high  luster.  It 
weathers  to  a  pale  red  or  grayish  white.  The  phenocrysts  have  a  poor 
form  and  vary  considerably  in  size,  from  almost  microscopic  forms  to 

*  RosenbuBch  :  Gesteinelehrbuch,  chapter  on  Syanites. 
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those  having  a  length  of  1  centimeter.  As  a  rule,  they  are  very  numer- 
ous and  closely  crowded  together,  but  occasionally  they  occur  very 
sparingly  in  bands  and  patches  in  the  groundmass.  Rounded  grains  of 
clear  vitreous  quartz  are  very  subordinate  in  amount  to  the  feldspar. 
The  groundmass  weathers  to  a  light  brownish  gray,  and  the  exposed 
rook  often  presents  an  angularly  pitted  appearance,  due  to  the  easy 
removal  of  the  feldspar  individuals. 

Microscopically,  the  rock  is  composed  of  unstriated  feldspar  and 
quartz  phenocrysts,  with  a  few  grains  of  plagioclase,  biotite,  hornblende, 
and  zircon  in  a  fine  grained  quartz-feldspar  groundmass.  Both  the  feld- 
spar and  the  quartz  occur  in  rounded  idiomorphic  and  irregular  forms, 
with  crenulate  borders  and  embayments  filled  with  groundmass.  The 
feldspar  is  apparently  homogeneous,  and  presents  a  mottled  appearance, 
due  to  kaolinization.  It  is  evidently,  from  the  analysis,  a  soda-ortho- 
clase  or  anorthoolase.  Twinning  is  rare  and  by  the  Carlsbad  law  only, 
with  an  irregular  contact  plane,  which  is  usually  filled  with  limonite. 
Strain  shadows  are  common,  and  many  individuals  have  been  broken, 
especially  where  they  are  closely  crowded  together.  A  large  number  of 
))henocry8ts  were  carefully  freed  from  the  base,  and  a  mechanical  separa- 
tion made  by  means  of  Thoulet's  solution.  The  freshest  material  fell  at 
a  specific  gravity  of  2.583,  which  would  indicate,  as  the  analysis  has,  a 
soda-potash  feldspar.  A  few  small  rounded  oblong  individuals  of  clear 
plagioclase,  which  is  probably  albite,and  some  small  grains  of  partially 
altered  hornblende  and  biotite,  are  included  in  the  feldspar. 

The  quartz  occurs  very  sparingly  in  large  phenocrysts,  and  frequently 
holds  inclusions,  both  fluid  and  solid,  the  latter  being  opaque.  Strain 
shadows,  cracked,  and  broken  individuals  appear  in  every  slide,  and,  as 
ill  the  case  of  the  feldspar,  are  no  doubt  due  to  the  strain  exerted  during 
the  final  solidification  of  the  magma. 

The  efiects  of  resorption  and  secondary  growth,  which  is  the  charac- 
teristic structure  in  both  the  feldspar  and  quartz,  are  better  developed  in 
the  latter.  In  both  minerals  the  growth  is  quite  regular,  taking  the  form 
of  a  crenulate  rather  than  vermiculate  border  around  the  original  grain 
and  in  optical  continuity  with  it.  The  primary  and  secondary  material 
is  sometimes  separated  by  a  dark  line  or  string  of  magnetite  granules. 
This  structure  shows  that,  in  addition  to  the  usual  resorption  which 
goes  on  in  rocks  of  this  class,  there  was  a  further  change  in  conditions 
which  permitted  the  corroded  grains  to  take  on  new  material  identical 
in  composition  with  the  original.  Figure  2,  plate  34,  is  a  typical  exam- 
ple of  a  quartz  phenocryst  illustrating  this  structure. 

Through  the  kindness  of  Mr  Pirsson,  the  writer  was  enabled  to  exam- 
ine a  section  of  quartz-porphyry  from  Wolf  butte,  Little  Belt  mountains, 


388         O.  E.  LE  ROY — GEOLOGY    OF   RIGAUD   MOUNTAIN,   CANADA 

Montana.  In  this  rock  the  secondary  growth  of  the  quarts  is  much 
finer  and  better  answers  the  definition  of  a  coronal  sone  than  does  that 
of  the  Rigaud  porphyry.  In  Weidman^s  description  of  the  Utley 
metarhyolite  *  the  secondary  growth  seems  to  be  more  identical,  in  form 
at  least,  with  that  of  Rigaud.  As  this  structure  in  the  Rigaud  porphyry 
presents  no  new  features  which  have  not  been  previously  described  bv 
different  writers,  it  is  unnecessary  to  elaborate  on  the  origin  again. 

The  groundmass  is  composed  principally  of  quartz  and  turbid  feld- 
spar, with  a  large  number  of  idiomorphic  grains  of  magnetite  and  a  few 
of  zircon,  plagioclase,  green  hornblende,  and  brown  biotite,  the  two  latter 
being  partially  or  wholly  altered  to  chlorite,  calcite,  and  limonite.  The 
structure  is  microgranitic,  and  the  allotriomorphic  grains  of  feldspar  and 
quartz  are  generally  irregularly  interlocked.  Though  very  tine  in  grain* 
with  a  high  power,  the  feldspar  presents  the  same  appearance  as  do  the 
phenocrysts  and  is  probably  anorthoclase. 

The  quartz-syenite  porphyry  undergoes  a  variation  in  the  southern 
part  of  the  area,  differing  principally  in  the  base,  which  megascopically 
is  dull,  compact,  almost  black  in  color,  and  weathers  to  a  brownish  gray. 
Microscopically,  the  feldspar  and  the  quartz  show  the  effects  of  resorp- 
tion, but  there  has  been  no  subsequent  growth,  the  borders  of  the  indi- 
viduals being  quite  smooth.  The  groundmass  is  an  extremely  fine 
grained  quartz-feldspar  mosaic  with  a  flow  structure,  accentuated  by 
strings  of  magnetite  granules,  which  coincide  in  direction  with  the  flow. 
From  this  structure  it  is  evident  that  this  type  may  be  regarded  as  transi- 
tional between  the  quartz-syenite  porphyry  and  a  quartz  trachyte. 

QUARTZ  PORPH YR Y 

The  quartz  porphyry  is  separated  from  the  above  by  a  broad  band  of 
transition  rock  which  shows  a  gradual  increase  in  the  number  of  quartz 
phenocrysts,  and  a  corresponding  decrease  in  the  case  of  tlie  feldspar. 
In  hand  specimens  the  quartz-porphyry  is  a  light  gray  felsitic  rock 
weathering  to  a  pale  red,  and  is  thickly  studded  with  rounded  pheno- 
crysts of  clear  vitreous  quartz.  Under  the  microscope  the  same  con- 
stituents are  present  that  were  found  in  the  quartz-syenite  porphyry, 
with  the  exception  that  the  quartz  is  in  very  large  amount,  while  the 
feldspar  is  represented  by  only  a  few  phenocrysts  in  each  slide.  At  the 
contact  of  the  quartz  porphyry  and  the  hornblende  syenite  the  former 
loses  its  characteristic  structure,  and  occurs  as  a  granular  mosaic  of  quartz 
and  feldspar,  the  latter  being  present  largely  in  the  form  of  Carlsbad  twins. 
This  contact  facies  is  a  little  coarser  in  grain  than  would  be  expected. 

*Pre-CambriaD  Igneous  liocks  of  the  Fox  River  VaUey,  Wisconsin,  1M8,  p.  S9. 
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Analyses  of  both  varieties  of  the  porphyry  gave  the  following  results : 


TA.- 
AlA. 

Fe,0, 
FeO.. 
MnO. 
CaO.. 
MgO.. 
Na,0. 
K,0.. 
H,0.. 
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I.  Qaartz-Ryenite  porphyry,  Rigaud  (analyzed  by  O.  E.  Le  Roy). 
II.  Qaartz  porphyry,  Rigaud  (analyzed  by  O.  E.  Le  Roy). 
III.  Quartz-syenite   porphyry,  Bearpaw   mountains,   Montana    (analyzed  by 
H.  N.  Stokes). 

The  ratio  of  the  alkalies  in  I  shows  that  the  soda  molecule  is  the  pre- 
dominant one,  and  that  the  feldspar  is  undoubtedly  anorthoclase.  The 
ratio  is  comparable  with  that  of  the  alkalies  of  III,  in  which  rock  the 
feldspar  is  also  anorthoclase.  In  II  the  soda  and  potash  are  in  almost 
equal  amount,  and  as  the  feldspar  is  with  few  exceptions  only  present 
in  the  groundmass,  the  result  indicated  a  close  identity  in  composition 
between  the  feldspar  of  the  base  and  the  phenocrysts.  The  rather  high 
percentage  of  iron  is  accounted  for  by  the  magnetite  in  the  groundmass, 
while  the  small  amount  of  the  ferro-magnesian  constituents  is  shown  by 
the  percentage  of  lime  and  magnesia. 

APLITIC  DIKE 

The  dike  cutting  the  syenite  is  a  rather  coarse  grained  aplite,  which 
when  fresh  is  gray  in  color  and  weathers  to  a  light  reddish  brown.  Ex- 
amined microscopically,  it  is  seen  to  have  a  granular  structure,  and  is 
made  up  of  allotriomorphic  grains  of  unstriated  feldspar  and  quartz, 
with  a  few  small  individuals  of  plagioclase,  apatite,  and  brown  biotite. 
The  feldspar  is  untwinned  with  the  exception  of  a  few  Carlsbad  indi- 
viduals; it  is  very  turbid  and  has  numerous  small  flecks  of  brownish 
limonite  along  the  cleavage  and  contact  planes.  Associated  with  it  are 
a  few  striated  individuals  of  oblong  form,  also  much  kaolinized.  The 
former  is  probably  orthoclase,  the  latter  an  acid  plagioclase.     The  quartz 
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is  subordinate  in  amount  to  the  feldspar,  and  frequently  holds  inclu- 
sions of  the  latter  mineral  in  a  poikilitic  manner. 

LAURBNTIAN  HOHNBLENDB-ORANITB  QNBISS 

The  pietamorphic  rocks  shown  in  the  southeast  corner  of  the  map  are, 
as  before  stated,  a  hornblende-granite  gneiss  and  amphibolite. 

The  gneiss  is  a  light  colored  rock  of  medium  grain,  with  a  rude  folia- 
tion of  the  essential  constituents.  Microscopically,  it  is  composed  of 
allotriomorphic  grains  of  feldspar,  hornblende,  and  quartz,  with  acces- 
sory apatite,  iron  ore,  and  brown  sphene.  The  iron  ore  is  generally 
surrounded  by  the  sphene  and  is  probably  ilmenite.  The  feldspar  is 
cryptoperthite,  consisting  of  an  extremely  fine  parallel  intergrowth  of 
orthoclase  and  ultramicroscopic  plagioclase  ;  it  has  a  specific  gravity  of 
about  2.59,  and  resembles  the  feldspar  in  the  orthoclase  gneiss  of  Trem- 
bling mountain,  Quebec.  The  hornblende  is  the  ordinary  green  variety, 
with  an  extinction  angle  of  16  degrees.  The  quartz  is  clear,  with  but 
few  inclusions,  and  usually  has  an  undulatory  distinction. 

AMPHIBOLITE 

The  amphibolite  is  very  dark  in  color,  rusty  in  appearance,  and  dis- 
integrates easily  into  a  coarse  sand.  The  microscope  shows  the  typical 
structure  of  a  recrystallized  rock,  the  feldspar  and  hornblende  occurring 
in  polygonal  forms  arranged  about  a  central  grain.  The  other  constitu- 
ents are  biotite,  garnet,  apatite,  and  magnetite.  The  feldspar  is  turbid 
and  is  altering  along  the  cleavage  planes.  It  is  twinned  in  broad  himel- 
Ise  according  to  the  albite  law,  and  gives  along  the  twinning  plane  an 
extinction  angle  of  83  degrees,  which  indicates  labradorite.  This  was 
checked  by  a  mechanical  separation,  which  shows-that  it  has  a  specific 
gravity  of  2.69.  The  hornblende,  which  is  in  large  amount,  is  brownish 
green,  pleochroic,  and  has  an  extinction  angle  of  20  degrees.  Reddish 
brown,  strongly  pleochroic  biotite  is  in  smaller  amount  than  the  horn- 
blende, but  crystallized  before  it.  Prismatic  sections  are  lengthened  in 
the  direction  of  the  a  axis  and  exhibit  skeleton  structure.  The  garnet 
is  fresh,  pale  pink  in  color,  and  perfectly  isotropic.  It  is  much  traversed 
by  cracks  and  occurs  in  large,  irregular  individuals,  either  partly  or 
wholly  surrounding  some  of  the  hornblende  and  magnetite  grains. 

Relation  of  R[gaud  to  the  other  Igneous  Hills  in  the  Vicinity 

The  examination  of  Rigaud  has  shown  that  both  in  petrographic 
character  and  chemical  composition  the  rocks  are  quite  different  from 
those  composing  the  other  hills  on  the  same  line.     Two  of  these  hills 
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have  recently  been  worked  up,  and  it  has  been  found  that  the  prevailing 
syenite,  which  is  an  alkali  rich  one,  is  associated  with  a  more  basic  rock, 
such  as  theralite  or  essexite.  Unless,  therefore,  the  character  of  the 
magma  changed  considerably,  Rigaud  could  hardly  be  regarded  as  being 
genetically  connected  to  the  rest  of  the  series.  On  the  other  hand,  con- 
sidering the  fact  that  Rigaud  is  associated  with  the  older  crystalline 
rocks,  it  seemed  advisable  to  visit  the  nearest  eruptive  in  the  Laurentian 
to  ascertain  if  it  would  have  any  relations  in  common  with  Rigaud- 
Accordingly  a  brief  examination  was  made  of  an  area  of  hornblende 
syenite  which  occurs  on  the  border  of  the  Laurentian  in  the  townships  of 
Grenville,  Chatham,  and  Wentworth,  about  13  miles  northwest  of  Rigaud. 

Grrnvillk  Area  of  Syenite  and  Porphyry 

The  Grenville  syenite  occupies  an  area  of  36  square  miles,  and  was 
described  by  Sir  William  Logan.*  It  cuts  the  Laurentian  rocks  on 
three  sides,  but  to  the  south  it  is  overlain  unconformably  by  the  Upper 
Cambrian.  Like  Rigaud,  it  is  pierced  in  the  western  part  by  a  small 
pear-shaped  mass  of  porphyry. 

Petrography 
hornblende  syenite 

Megascopically,  the  syenite  bears  a  close  resemblance  to  that  of  Rigaud, 
but  contains  a  larger  proportion  of  quartz,  which  increases  in  amount 
until  finally  the  rock  passes  into  a  granite.  Microscopically,  it  is  com- 
posed of  feldspar  and  hornblende,  with  accessory  augite,  brown  biotite, 
quartz,  apatite,  zircon,  and  iron  ore.  The  feldspar  varies  in  different 
parts  of  the  area  from  an  unstriated  one  to  a  microperthite,  both  being 
much  kaolinized.  The  unstriated  feldspar  is  homogeneous,  and  occurs 
in  thick  lath-shaped  and  irregular  individuals,  while  the  microperthite 
consists  of  a  parallel  intergrowth  of  the  orthoclase  and  a  finely  twinned 
plagioclase.  The  latter  has  ia  better  form  than  the  orthoclase,  and  from 
its  association  is  older.  It  occasionally  occurs  as  Carlsbad  twins,  and  is 
sometimes  intergrown  with  hornblende  in  a  graphic  manner.  The 
cleavage  of  both  varieties  is  not  very  distinct. 

The  hornblende  is  in  comparatively  small  amount,  the  larger  grains 
being  quite  irregular,  but  many  of  the  smaller,  when  they  are  included 
in  the  feldspar,  are  idiomorphic.  The  pleochroism'  varies  from  deep 
green  to  pale  yellow,  and  the  extinction  angle  is  19  degrees.  The  strong 
allotriomorphism  toward  the  feldspar  is  not  so  common  as  in  the  Rigaud 
syenite.    Some  individuals  are  intergrown  with  a  pale  yellow  augite,  in 

« 

*  Geology  of  Canftda,  18A3  Report,  p.  40. 
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which  case  the  latter  forms  the  interior  zone.  Both  minerals  alter  to  a 
yellow  serpentinous  material. 

The  quartz  occurs  in  roundecl  and  angular  grains,  tilling  in  interstices 
between  the  feldspar  individuals.  Fluid  inclusions  are  numerous,  and 
strain  shadows  invariable. 

No  analysis  of  the  rock  is  available,  but  from  the  microscopical  char- 
acteristics it  seems  to  compare  very  closely  with  the  Rigaud  syenite. 

QUARTZ-SYENITE  PORPHYRY 

The  porphyry  in  hand  specimens  has  a  dark  gray  or  reddish  chert-like 
base,  which  holds  a  large  number  of  phenocrysts  of  red  feldspar.  The 
rock  joints  with  extreme  ease  into  polygonal  forms. 

Under  the  microscope  the  following  minerals  were  disclosed:  Un- 
striated  feldspar,  quartz,  and  a  few  ragged  plates  of  partially  chloritized 
hornblende  in  an  extremely  fine  grained  groundmass,  which,  with  the 
high  power,  resolved  itself  into  a  mosaic  of  quartz  grains,  and  lath-shaped 
individuals  of  untwinned  feldspar,  the  latter  often  being  arranged  in 
radiate  clusters.  The  feldspar  phenocrysts  occur  in  rounded  idiomorphic 
and  irregular  forms,  and  are  apparently  homogeneous,  but  very  turbid- 
Twinning  is  not  very  common,  but  examples  of  both  Baveno  a ud  Carlsbad 
twins  are  present  in  nearly  every  slide.  The  quartz  phenc  trysts  are  few 
in  number,  rounded  in  form,  and  hold  numerous  inclusions. 

The  usual  resorption  phenomena  are  pronounced  both  in  the  feldspar 
and  the  quartz,  but  only  the  latter  shows  secondary  growth,  the  crenu- 
lated  border  being  much  finer  than  that  found  in  the  quartz  of  the 
Kigaud  porphyry. 

An  analysis  of  the  groundmass  of  the  Grenville  porphyry  was  pub- 
lished in  the  Geology  of  Canada,  1863  Report,  and  appears  in  the  finst 

column  below. 

I.  II. 

SiOj, 72.20  69.48 

Al  A 12.50  14.69 

Fe.,03 —  .3.89 

FeO 3.70  1.47 

MnO —  .12 

CaO 90  .90 

MgO —  .68 

NajO 5.30  5.32 

K,0 3.88  4.34 

H,0 60  .72 

99.08  101.11 

Specific  gravity 2.62  2.63 

I.  Quartz-syenite  porphyry,  Grenville  (analyst  unknown). 
II.  Quartz-syenite  porphyry,  Rigaud  (analyzed  by  O.  £.  Le  Roy). 
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Though  the  comparison  of  the  analyses  is  hardly  a  fair  one,  it  never- 
theless shows  that  the  two  rocks  are  closely  identical  in  composition. 
A  proper  analysis  of  I  would  no  doubt  demonstrate  that  satisfactorily. 
From  the  ratio  of  the  alkalies  in  I,  the  feldspar  of  the  groundmass  is 
evidently  a  soda-orthoclase. 

Relation  of  the  Rigaud  and  Grenville  Areas 

The  brief  description  of  the  Grenville  syenite  and  porphyry  has  shown 
that  they  are  closely  related  petrographically  to  the  similar  rocks  of 
Rigaud.  The  relations  of  the  two  areas  are  farther  considered  by  means 
of  the  following  cross-section,  which  is  a  northwest  prolongation  of  the 
line  A  B  on  the  Rigaud  map. 

Rigaud,  it  is  seen,  is  thus  sef^arated  from  Grenville  by  a  narrow  band 
of  Paleozoic  rocks,  which  are  supposed  to  overlie  the  Laurentian  uncon- 
formably.    It  would  seem,  however,  by  no  means  improbable  that  tlie 
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Figure  2.— Section  from  Rigaud  to  OrenvUU. 

two  areas  might  be  continuous  under  the  Paleozoic,  and  that  the  strati- 
fied rocks  directly  overlie  the  syenite  instead  of  the  Laurentian.  Con- 
nected in  such  a  manner,  the  eruptive  mass  would  have  a  length  of  20 
miles,  with  a  known  maximum  width  of  9.  This  would  give  an  area  by 
no  means  enormous  when  compared  with  other  masses  of  similar  occur- 
rence in  the  Laurentian,  such  as  the  granite  intrusion  northwest  of  lake 
Saint  Peter,  river  Saint  Lawrence,  which  is  30  miles  long  and  12  miles 
wide  in  the  broadest  part.  A  point  which  favors  this  connection  is  that 
Rigaud,  from  its  field  relations  with  Laurentian  outliers,  is  practically 
on  the  border  of  that  system,  and  it  is  only  to  the  south  and  west  of 
Rigaud  that  the  Paleozoic  plain  is  freely  and  uninterruptedly  developed. 
If  the  above  association  be  true,  then  Rigaud  is  of  pre-Potsdam  age,  and, 
as  in  the  case  of  Grenville,  the  eruption  took  place  after  the  processes 
which  caused  the  metamorphism  of  the  Laurentian  system  had  ceased 
and  before  the  deposition  of  the  Potsdam  sandstone. 

Summary  and  Conclusion 

Rigaud  mountain  is  the  most  western  of  a  line  of  hills  of  igneous 
origin.  It  differs  from  the  others  in  that,  while  they  are  of  post-Silurian 
age,  its  age  is  doubtful,  as  the  contact  with  the  Paleozoic  is  concealed. 

LVI— Bull.  Gkol.  Soc.  Am.,  Vol.  12,  1900 
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Rigaud  is  composed  mainly  of  a  nonnal  hornblende  syenite  pierced 
in  the  northwest  by  an  area  of  porphyry,  which  differentiates  from  a 
quartz  syenite  variety  to  a  typical  quartz  porphyry. 

The  other  hills,  so  far  as  known,  consist  of  an  alkali  rich  syenite, 
associated  with  a  basic  rock  of  the  same  petrographical  province,  such 
as  theralite  or  essexite,  both  of  which  are  totally  different  from  the 
Rigaud  rocks. 

In  the  township  of  Grenville  a  mass  of  hornblende  syenite  of  pre- 
Cambrian  age  cuts  the  I^aurentian  and  is  itself  pierced  by  a  quartz- 
syenite  porphyry,  both  rocks  being  closely  identical  with  those  of 
Rigaud.  From  the  proximity  of  the  two  masses  it  seems  probable  that 
either  they  are  continuous  under  the  Paleozoic  or  that  they  are  genet- 
ically connected. 

It  concluding,  it  may  therefore  be  stated  that  in  all  probability 
Rigaud  has  no  genetic  connection  with  the  rest  of  the  series,  but  a  defi- 
nite conclusion  is  abstained  from  until  such  a  time  when  our  knowledge 
concerning  the  other  hills  is  so  increased  as  to  permit  of  the  range  being 
studied  as  a  whole. 
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Silurian  Formations 

TBB  CjyCINNA  TI  ANTICLJNR 

• 

A  low  anticlinal  fold  extends  from  north  of  the  Ohio  river,  in  a  direc- 
tion about  south  25  degrees  west,  through  the  central  parts  of  Kentucky 
and  Tennessee.  Its  crest  passes  about  15  miles  east  of  Cincinnati  and 
40  miles  east  of  Nashville.  It  is  known  usually  as  "  the  Cincinnati  anti- 
cline," although  the  name  "  Nashville  dome  "  has  been  used  at  times 
for  its  southern  half. 

This  fold  was  in  existence  in  early  Devonian,  if  not  in  Silurian,  times. 
No  Silurian  formations  occur  along  the  crest  of  the  fold  in  central  and 
southern  Kentucky,  or  in  northern  and  central  Tennessee.  The  width 
of  the  area  within  which  Silurian  strata  are  absent  is  40  miles  in  cen- 
tral Kentucky ;  it  is  calculated  to  be  abput  55  miles  in  the  region  of  the 
Cumberland  river ;  and  in  central  Tennessee,  according  to  the  observa- 
tione  of  Professor  Safford,  it  must  be  still  greater— possibly  80  miles. 

Surrounding  this  area,  and  overlapping  the  Ordovician  on  the  flanks 
and  ends  of  the  anticline,  are  Silurian  strata,  the  total  thickness  of  which 
diminishes  on  approaching  the  crest  of  the  fold. 

The  result  is  that  Devonian  strata  rest  on  Silurian  formations  along 
the  flanks  and  ends  of  the  anticline,  but  along  the  crest,  from  north 
of  central  Kentucky  to  southern  Tennessee,  they  rest  directly  on  the 
Ordovician. 

RELATIONSHIPS  AND  CHARACTSRISTICS  OF  SILURIAN  OUTCROPS  IN  KBNTVCKT 

AND  TENNESSEE 

In  Kentucky,  the  most  southern  exposures  of  Silurian  strata  on  the 
western  flank  of  the  anticline  occur  at  the  extreme  southern  end  of 
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Nelson  county,  along  Rolling  fork.  In  Tennessee,  the  most  northern 
exposures  on  the  same  ^ide  of  the  anticline  occur  about  7  miles  west 
of  Lafayette,  in  Macon  county ;  north  of  Bledsoe,  in  the  eastern  part  of 
Sumner  county ;  and  south  of  South  Tunnel,  in  the  same  county.  The 
distance  between  these  points  in  Tennessee  and  the  locality  in  Kentucky 
is  75  miles. 

Within  75  miles  the  lithological  features  of  formations  may  often 
change.  Indeed,  considerable  variations  are  sometimes  noticed  within 
comparatively  short  distances.  For  instance,  within  14  miles,  on  passing 
from  the  southern  to  the  northern  end  of  Bullitt  county,  in  Kentucky, 
the  Clinton  changes  from  a  white  to  a  salmon-brown  limestone.  Within 
a  distance  of  15  miles,  along  the  line  separating  Ripley  and  Jennings 
counties,  in  Indiana,  the  lower  half  of  the  main  Osgood  clay  section  is 
replaced  by  indurated  clay,  and  the  upper  half  by  thin  limestone  layers. 
In  the  area  under  investigation,  in  Tennessee,  the  Osgood  changes  Arom 
a  soft,  thin  bedded  clay,  at  Bledsoe,  to  an  indurated  clay,  at  South  Tun- 
nel ;  the  upper  part  is  an  impure  limestone  at  Baker  Station,  and  farther 
southwest  almost  the  entire  bed  becomes  an  impure  limestone. 

There  is,  however,  a  remarkable  similarity  in  the  characteristics  shown 
by  the  most  southern  Silurian  exposures  in  Kentucky  and  the  most 
northern  outcrops  in  Tennessee.  This  similarity  extends  even  to  the 
minor  subdivisions  of  the  group. 

SUBDIVISIONS  OF  THE  SILUBIAN 

In  comparing  lithological  features  of  different  localities  it  is  con- 
venient to  refer  to  the  different  subdivisions  by  distinguishing  names. 
For  this  purpose  various  names  were  proposed  in  two  recent  reports  of 
the  geological  survey  of  Indiana,*  and  the  same  names  will  be  used  in 
the  present  paper.  Since  the  Tennessee  area  is  geographically  distinct 
from  the  Ohio,  Indiana,  and  Kentucky  area  of  outcrop,  a  second  series 
of  names  is  here  proposed,  referring  to  typical  exposures  in  Tennessee, 
but  the  names  taken  from  Tennessee  localities  will  not  appear  in  the 
following  pages  (see  pages  407  and  421) : 

Indiana  and  Kentucky  names,  Tennessee  names, 

Loaisville  limestone.  Bledsoe  limestone 1 

Waldron  shat y  clay.  Newsom  shaly  clay j     piift^^ 

Laurel  limestone.  Whites  Bend  limestone..  "I  n^.,f^^„:ii^  ^  i;!ii!I^«« 

Osgood  shaly  clay.  South  Tunnel  bed I  k!!'*!.'^'"^  I  ^^°^««*«"«- 

Clinton  limestone.  Baker  limestone j  "^estone.  J 

SILUBIAN  SECTIONS  AT  SOUTH  TUNNEL  AND  BLEDSOE 

The  most  accessible  of  the  Silurian  sections  in  northern  Tennessee  is 
that  along  the  Louisville  and  Nashville  railroad,  near  South  Tunnel, 

'""     "  "     ■^—^^.^  M  m  ■■.-■  ■■  ^■.—  ■  ■■_-  ,_■—  ,  ■  .1.  ■■■^■■1  .1  ., 

♦  Twenty-first  and  Twenty-second. 
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(figure  1,  locality  4),  about  ten  miles  south  of  the  Kentucky  border. 
The  railroad  passes  through  two  tunnels  south  of  the  station.  The 
farther  end  of  the  second  tunnel  is  five-eighths  of  a  mile  south  of  the 

station. 

One  hundred  and  fifty  feet  south  of  this  tunnel  the  top  of  the  Chat- 
tanooga Black  shale  is  visible  at  the  side  of  the  railroad  track.  A  rail- 
road cut,  one-seventh  of  a  mile  south  of  the  tunnel,  shows  the  lower 
part  of  this  shale,  and  a  second  cut,  one-third  of  a  mile  south  of  the 
same  point,  exposes  its  full  thickness.  At  a  third  railroad  cut, .half  a 
mile  south  of  the  tunnel,  the  Chattanooga  shale  (Devonian)  rests  on 
the  Waldron  shale  (Silurian).  From  this  point  the  Silurian  section 
(figure  3)  extends  for  a  distance  of  about  four-fifths  of  a  mile  along  the 
railroad  track.    The  strata  are  met  in  descending  order.    . 

The  Waldron  shale*  is  only  5  feet  thick  at  the  cut  mentioned  (plate 
35,  figures  1  and  2).  It  weathers  to  a  soft  clay  and  contains  very  few 
fossils.  Although*  it  presents  all  the  lithological  appearances  of  the 
Waldron  shale,  as  seen  in  Kentucky,  its  paleontological  identity  is 
better  established  by.  exposures  farther  southwest,  preeminently  by 
those  at  Newsom,  40  miles  distant. 

Beneath  the  Waldron  shale  lies  the  Laurel  limestone  (plate  35,  figure 
2),  forming  the  main  body  of  the  cut.  It  is  28  feet  thick.  The  stone  is 
white  and  heavy  bedded  and,  elsewhere  in  Tennessee,  is  frequently 
quarried  as  a  building  rock.  At  the  top  of  the<  Laurel  limestone,  for  a 
thickness  of  2  to  3  inches,  the  rock  is  distinctly  oolitic.  The  same 
oolitic  phase  is  shown  at  the  top  of  the  Laurel  limestone  in  many  parts 
of  Nelson  and  Bullitt  counties,  in  Kentucky.  Both  in  Kentucky  and 
in  Tennessee  the  top  of  the  limestone,  especially  the  oolitic  layer,  con- 
tains fossils  which  also  occur,  but  in  greater  abundance,  in  the  Waldron 
shale.  At  South  Tunnel,  Whiifiddella  nitida  occurs  in  the  oolitic  layer. 
Ortkoceras  amycus  is  found  near  the  middle  of  the  Laurel  limestone. 
PUocrinus  gemmiforniis  is  common  near  the  base.  This  fossil  is 
especially  abundant  at  a  fourth  railroad  cut,  south  of  the  semaphore 
electric  signal,  three-fourths  of  a  mile  from  the=  tunnel  (plate  36, 
figures  1  and  2).  The  base  of  the  formation  is  here  a  crinoidal  limestone. 
In  Indiana  and  northern  Kentucky,  Pisocrimis  gemmiformla  occurs 
abundantly,  both  in  the  base  of  the  Laurel  limestone  and  in  the  lime- 
stone layers  placed  at  the  top  of  the  Osgood  beds.  Farther  south  if  be- 
comes difficult  to  determine  where  to  draw  the  line  between  the  limestone 
layers  belonging  to  the  Laurel  and  those  referred  to  the  top  of  the 
Osgood  beds.  In  Tennessee  it  is  impossible  to  make  such  a  separation, 
and  here  all  of  the  limestone  section  is  referred  to  the  Laurel. 

In  the  cut  south  of  the  semaphore  signal,  already  mentioned,  the 
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Laurel  limestone  rests  on  clayey  material  (plate  36,  figures  1  and  2). 

Stratisi^rapbically  this  undoubtedly  represents  the  0(%ood  clay  of  Ken- 
tucky, but  lithologically  it  is  much  less  shaly. 
It  occurs  in  thicker  layers,  some  of  which 
are  slightly  indurated,  especially  in  the  upper 
part  of  the  section.  The  indurated  layers  are 
slightly  ligliter  in  color,  thus  producing  a  sort 
of  banded  appearance.  The  total  thickness 
of  the  clayey  material  is  14  feet. 

A  much  greater  approach  to  the  lithologi- 
cal  characteristics  shown  by  the  Osgood  clay 
sections  in  Nelson  county,  Kentucky,  maybe 
seen  about  a  quarter  of  a  mile  north  of  Bled- 
soe (figure  1 ,  locality  3),  on  the  northeast  side 
of  the  railroad  trestle,  north  of  Frank  Earl's 
house.  At  this  locality,  which  is  about  14 
miles  east  of  South  Tunnel,  the  Osgood  clay 
is  about  20  feet  thick.  It  is  a  shaly  clay, 
rather  dark  where  not  weathered,  and  the 
lower  part  is  tinged  with  purple,  resembling 
quite  closely  vaHous  exposures  east  of  Bards- 
town,  in  Nelson  county,  Kentucky,  and  in 
the  northern  part  of  that  county,  along  the 
Bullitt  county  line. 

At  South  Tunnel  the  Clinton  is  first  seen 
in  the  form  of  fragments  of  fossiliferous  chert, 
east  of  the  railroad  and  a  short  distance  south 
of  the  fourth  cut.  The  full  section  is  seen  a 
quarter  of  a  mile  farther  on,  at  a  filth  cut 
The  Clinton  limestone  is  about  7  feet  thick 
and  the  upper  part  contains  a  considerable 
quantity  of  fossiliferous  chert.  Ix>ose  frag- 
ments of  this  chert  may  be  traced  south- 
ward  through  the  fields  for  several  hundred 
yards  from  the  last  exposure.  The  lower  part 
of  the  Clinton  is  a  bluish  limestone,  contain- 
ing much  less  chert  and  only  a  few  fossils. 
It  resembles  so  much  the  top  of  the  imme- 
diately underlying  Ordovician  rock,  in  which 
fossils  are  also  scarce,  that  it  requires  patience 
to  determine  where  to  draw  the  line  between 

the  Silurian  and  the  Ordovician  rocks. 
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At  South  Tunnel  the  top  of  the  Ordovician  (plate  37,  figure  1),  which 
is  a  thick  hedded  litn^tone,. presents  a  peculiar  contorted  appearance. 
Similar  exposures  of  this  rock  occur  at  Whites  Bend  (plate  39,  figure 
1 ;  figure  1,  locality  8). 

The  section  at  South  Tunnel  includes  only  the  lower  half  of  the  Wal- 
dron  clay  shale,  and  the  Louisville  limestone  is  entirely  absent.  The> 
Louisville  limestone  is,  however,  well  exposed  at  Bledsoe,  14  miles  east- 
ward. Along  the  railroad  cut,  above  Sam  Fleming's  house,  about  a 
mile  north  of  Bledsoe  (plate  37,  figure  2;  figure  1,  locality  3),  the  Chat- 
tanooga Black  shale  (Devonian)  rests  upon  limestone.  The  5  feet  of 
limestone  at  the  top  of  the  section  are  white  and  crinoidal.  The  lime- 
stone below  the  level  of  the  railroad  track  is  fine  grained  and  has  been 
so  much  weathered  that  it  is  all  more  or  less  tinged  with  brown.  Many 
of  the  courses  are  quite  soft  and  weather  away  rapidly. 

Nine  feet  below  the  Black  shale  and  1  foot  above  the  railroad  track 
Oonchidium  lenappi  was  found.  The  same  fossil  is  common  19  and  22} 
feet  below  the  Black  shale.  It  is  characteristic  of  the  Louisville  lime- 
stone horizop  in  Indiana  and  Kentucky.  At  the  quarries  east  of  Louis- 
ville, along  Beargrass  creek,  it  occurs  above  what  is  there  called  the 
*^blue  ledge."  In  the  Bledsoe  section  Pentamenis  ohUyiigus  is  found  on 
the  hillside  opposite  C.  F.  Hedge's  house,  in  the  lower  part  of  the  Louis- 
ville limestone.  Although  cited  in  New  York  from  the  Clinton  lime- 
stone, along  the  western  side  of  the  Cincinnati  anticline  it  has  so  far 
been  discovered  only  in  the  Louisville  horizon.  In  fact,  it  is  fairly 
common  at  this  horizon,  between  Louisville  and  Charlestown.  along  the 
Ohio  river,  and  at  Clermont,  in  southern  Bullitt  county,  Kentucky. 
The  fossils  occurring  in  the  Louisville  horizon  at  Bledsoe  are  enumerated 
later. 

LITHOLOOICAL   CHARACTER  AND    THICKNR88   OF   TBNNBSSEB  SILURIAN 

FORMATIONS 

Explanaljon  of  the  «««<t<m.— While  the  various  subdivisions  of  Silurian 
age  recognized  in  Indiana  and  Kentucky  can  be  readily  identified  in 
northern  Tennessee,  several  of  them  change  so  much  on  being  followed 
south  westward  that  they  can  be  traced  through  central  and  southern 
Tennessee  only  with  difficulty.  This  is  especially  true  of  the  Clinton 
limestone  and  the  Osgood  clay  shale. 

The  following  notes  will  make  the  accompanying  drawings  more  in- 
telligible. In  the  first  set  Df  sections  of  Silurian  strata  accompanying 
this  paper  (figure  3)  the  sections  have  been  so  arranged  as  to  place  the 
top  of  the  Osgood  bed  at  the  same  level,  the  intention  being  to  indicate 
the  variation  in  thickness  of  the  various  formations  on  following  them 
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southwestward  along  the  western  flank  of  the  anticline.  No  evidence  of 
unconformity  between  any  of  the  Silurian  strata  has  been  found.  The 
appearance  of  unconformity  shown  by  some  of  the  sections  is  due  to  the 
method  of  drawing  the  sections.  The  measurements  along  the  vertical 
lines  bearing  the  names  of  the  localities  are  accurate.  The  drawings  are 
intended  to  indicate  variations  in  thickness  of  formations  on  being  traced 
through  the  state,  and  apparent  variations  in  thickness  at  the  individual 
localities  are  again  due  to  the  method  used  in  drawing. 

Variaii<m8  in  Clinton  limestone. — An  examination  of  these  sections 
shows  that  the  Clinton  thins  eastward  on  passing  up  the  flank  of  the 
anticline.  It  also  changes  in  lithological  appearance.  Near  the  houses 
of  Halum  P.  Weeks  (figure  1,  locality  1)  and  S.  R.  Wood  (locality  2) 
the  Clinton  is  a  bluish  limestone,  which  varies  from  3  to  3}  feet  in  thick- 
ness and  contains  Favosites  favoeus  and  DcUmaneUa  elegantida,  A  t  Bledsoe 
(locality  3),  beneath  the  trestle  already  mentioned,  it  is  about  5}  feet 
thick,  has  a  whitish  color,  and  contains  the  same  fossils. 

At  South  Tunnel  (locality  4)  ite  thickness  has  increased  to  7  feet. 
The  upper  part  contains  mucH  more  chert  than  at  the  preceding  local- 
ities. The  chert  occurs  chiefly  in  the  form  of  thin  layers,  including  a 
considerable  variety  of  fossils.  Similar  chert  and  fossils  occur  in  the 
upper  part  of  the  Clinton  at  Baker  (locality  6),  19  miles  southwest  of 
South  Tunnel^  especially  in  the  field  south  of  the  quarries.  Although 
the  discovery  of  any  considerable  fauna  in  this  chert  requires  patient 
search,  a  few  species  are  sufficiently  common  to  be  readily  found.  The 
localities  at  South  Tunnel,  Baker,  and  Goodlettsville  are  the  most  favor- 
able for  the  collection  of  Clinton  fossils  so  far  known  in  Tennessee,  on 
the  western  flank  of  the  anticline.  At  the  southern  end  of  the  quarry, 
at  Baker  (plate  38,  figure  1),  the  Clinton  is  12  feet  thick.  '  It  is  a  rather 
thin-bedded  whitish  limestone,  containing  irregular  layers  and  nodules 
of  chert. 

At  the  entrance  from  the  pike  to  the  stone  quarries,  one  mile  west  of 
Goodlettsville  (locality  O)  the  Clinton  rests  upon  a  layer  of  Ordovician 
limestone  full  of  fragments  of  IsoteLue,  The  Clinton  chert  is  fairly 
abundant  along  the  hillsides,  and  enough  fossils  are  found  to  readily 
establish  the  horizon. 

At  Whites  Bend  (plate  38,  figure  2;  figure  1,  locality  8)  the  Clinton 
has  increased  to  25  feet.  The  interbedding  of  the  limestone  with  chert 
is  very  marked,  especially  near  the  top  of  the  section.  Good  exposures 
occur  along  the  pike,  west  of  John  Scott's  houne.  The  best  fossils  were 
found  in  the  gullies  west  of  John  Suell's  home. 

At  Newsom  (locality  12)  the  eontact  between  the  base  of  the  Osgood 
bed  and  the  top  of  the  Clinton  litnestone  is  best  exposed  along  the  rail- 
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road  a  quarter  of  a  mile  west  of  the  station^  at  a  recently  opened  quarry. 
The  lowest  exposure  of  Clinton  rock  occurs  along  the  railroad  track  near 
the  station.  A  covered  space  of  18  feet  intenrenes  between  the  lowest 
exposure  of  the  Clinton  and  the  top  of  the  Ordovician  rocks  in  the  banks 
along  the  river.  The  thickness  of  Clinton  rock  actually  exposed  is  30 
feet,  but  the  covered  interval  makes  it  possible  that  the  total  thickness 
may  be  greater.  A  comparison  with  other  sections,  farther  southward, 
makes  it  more  probable,  however,  that  the  unknown  interval  is  chiefly 
occupied  by  soft  Ordovician  rocks.  It  is  interesting  to  note  that  Mr 
Charles  Schuchert  cites  Triplecia  ortani  as  occurring  in  the  Clinton  at 
Newsom.  This  is  one  of  the  most  widely  distributed  and  most  charac- 
teristic fossils  of  the  Clinton  in  Ohio  and  along  the  western  flank  of  the 
Cincinnati  anticline,  although  not  often  represented  by  many  specimens. 

All  of  the  Silurian  limestone,  33  feet  thick,  underlying  the  Black  shale 
(Devonian)  above  Carol  Litton's  house,  a  quarter  of  a  mile  above  the 
Tom  Fox  locality  (locality  18),  in  the  northern  part  of  Maury  county, 
belongs  to  the  Clinton.  Farther  down  Leipers  creek,  at  the  old  Oil  well, 
the  top  of  the  section  must  belong  in  part  to  the  Osgood  horizon. 

At  Centerville,  along  the  railroad  track  (locality  25),  at  least  121  feet 
of  limestone,  underlying  beds  which  weather  more  readily,  must  be 
assigned  to  the  Clinton.  They  contain  Triplecia  ortoni  and  other  fossils. 
An  interval  of  20  feet  between  the  lowest  Clinton  exposure  along  the 
railroad  and  the  Ordovician  limestones  which  line  the  river  bank  does 
not  present  exposures.  Since  at  least  20  feet  of  Clinton  limestone  are 
exposed  at  the  bridge  northeast  of  town,  it  is  certain  that  at  least  a  part 
of  the  covered  interval  northwest  of  town  is  occupied  by  Clinton  rocks. 
Whether  the  total  thickness  reaches  30  feet  is  uncertain. 

Along  Swan  creek,  west  of  Anderson  Morris'  house  (locality  30),  at 
least  26  feet  of  Clinton  are  exposed,  and  the  base  is  not  seen. 

So  far  as  may  be  determined  at  present,  the  Clinton  diminishes  in 
thickness  rapidly  in  passing  from  Whites  Bend  northeastward  to  the 
Wood  and  Weeks  localities,  but  between  Whites  Bead  and  the  most 
southern  exposures  along  the  flank  of  the  anticline,  showing  the  entire 
thickness  of  the  Clinton  between  the  Ordovician  and  the  Osgood  beds, 
the  thickness  remains  either  comparatively  constant  or  is  slightly 
diminished. 

The  cherty  character  of  the  Clinton,  as  seen  near  Newsom  and  Linton, 
is  not  so  strongly  in  evidence  farther  southward.  Near  Carol  Litton's 
house  only  the  upper  half  of  the  Clinton  is  very  cherty.  Near  Center- 
ville only  the  uppermost  layers  are  cherty.  This  is  true  also  of  the  ex- 
posures along  the  valley  of  Swan  creek.  Near  the  home  of  Anderson 
Morris  (locality  30)  the  middle  and  lower  part  of  the  Clinton  consists  of 
whitish  limestone,  free  from  chert. 
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Variations  in  Osgood  bed. — The  Osgood  bed,  at  its  most  northeastern 
exposures,  is  a  clay  shale.  It  here  also  presents  its  greatest  thickness : 
22  feet  at  the  S.  R.  Wood  locality  (locality  2)  and  20  feet  at  Bledsoe 
(locality  3). 

South  westward  it  changes  its  lithological  character  rapidly.  At  South 
Tunnel  (locality  4)  the  clay  is  more  indurated  and  calcareous,  espe- 
cially near  the  top  of  the  bed.  The  more  shaly  and  the  more  indurated 
layers  are  interbedded,  producing  a  banded  appearance.  The  total 
thickness  of  the  Osgood  bed  at  this  point  is  14  feet. 

At  Baker  (locality  6)  the  upper  part  of  the  Osgood  bed  is  sufficiently 
indurated  to  be  quarried,  although  the  rock  disintegrates  so  readily  that 
its  use  is  to  be  discouraged.  The  upper  half  of  the  indurated  beds  be- 
comes a  crinoidal  limestone  at  the  south  end  of  the  quarry.  The  indu- 
rated rock  is  7i  feet  thick.  It  is  underlaid  by  6i  feet  of  soft  clay  shale, 
best  exposed  above  the  Clinton  ledge  at  the  southern  end  of  the  quarry. 
The  total  thickness  of  the  Osgood  bed  at  this  locality  is  therefore  14  feet. 
The  presenceof  the  crinoidal  material  in  the  upper  part  of  the  section 
makes  it  difficult  to  distinguish  the  top  of  the  Osgood  bed  from  the  base 
of  the  Laurel  limestone. 

This  difficulty  increases  on  going  south  westward.  At  Whites  Bend 
(locality  8)  the  larger  part  of  the  Osgood  bed  is  soft  and  weathers  read- 
ily, but  near  the  top  the  clay  becomes  more  indurated  and  calcareous, 
and  gradually  merges  into  the  overlying  Laurel  limestone.  It  is  impos- 
sible to  determine  the  precise  line  of  separation  between  the  two  for- 
mations. 

The  best  exposure  of  the  Osgood  bed  near  Newsom  (locality  12)  is 
along  the  road  following  the  north  side  of  the  Harpeth  river  westward 
toward  Foster  and  Creighton  switch.  The  clay  section  is  here  11  feet 
thick.  The  lower  2  feet  are  purplish  colored,  and  the  immediately  over- 
lying beds  are  more  or  less  tinged  with  the  same  color.  The  shaly  char- 
acter of  the  Osgood  formation  has  largely  disappeared.  It  has  more  the 
appearance  of  a  soft  clay  rock,  the  layers  of  which  are  not  sufficiently 
thin  to  give  it  a  distinctly  shaly  character.  At  the  top  the  bed  is  more 
indurated,  and  is  not  readily  distinguished  from  the  Laurel  limestone. 
This  is  true  also  at  the  quarry  along  the  railroad,  an  eighth  of  a  mile 
west  of  Newsom.  Here  the  quarry  rock  (Laurel)  is  underlaid  by  1  foot 
of  soft  limestone,  readily  weathering ;  then  1  foot  of  limestone,  and  6i 
feet  of  indurated  clay,  harder  near  the  top,  undoubtedly  belonging  to 
the  Osgood  bed.  These  exposures  form  a  transition  to  those  south  of  the 
Harpeth  River  valley,  where  the  Osgood  bed  is  represented  by  soft  lime- 
stones, readily  disintegrating. 

South  of  the  home  of  Johnson  V.  Linton  (locality  15)  21  feet  of  Laurel 
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limestone  are  underlaid  by  6  inches  of  soft  limestone,  4  feet  of  harder 
limestone,  1}  feet  of  limestone  weathering  more  readily,  and  5  feet  of 
clayey  limestone,  also  weathering  readily.  The  base  of  the  Osgood  bed 
is  not  exposed.  These  softer  limestones  occupy  the  same  horizon  as  the 
shaly  Osgood  clays  at  South  Tunnel  and  Bledsoe. 

At  the  base  of  the  cliff  west  of  R.  S.  Elam's  house,  a  mile  above  Flv'fi 
store  (locality  19),  the  Osgood  bed  consists  of  soft  limestones,  weathering 
more  readily  than  the  Laurel  limestone  above.  In  fact,  the  Osgood  bed 
weathers  so  readily  that  it  is  difScult  to  find  good  exposures  in  the  Tieipers 
Creek  valley.*  At  the  Elam  locality  the  Osgood  limestone  contains 
a  number  of  large  specimens  of  Orthoceras.  The  presence  of  large  speci- 
mens of  Orthoceras  becomes  rather  characteristic  of  the  Osgood  limestone 
along  the  valley  of  the  Tennessee  river,  farther  westward.  Opposite  the 
home  of  C.  E.  Harris,  on  Snpw  creek  (locality  H),  2  miles  east  of  Santa 
F£,  only  the  harder  layers  of  Osgood  limestone  are  preserved.  Their 
identity  is  established  by  their  position  between  the  cherty  layers  form- 
ing the  upper  half  of  the  Clinton  and  the  fairly  well  exposed  base  of  the 
Laurel  limestone.  Above  Carol  Litton 's  house  the  Osgood  bed  is  absent. 
At  the  Oil  well  below  Tom  Fox^s  home  (locality  18)  the  6  feet  of  lime- 
stone beneath  the  Black  shale  and  overlying  the  cherty  Clinton  belong 
to  the  Osgood  horizon. 

At  Centerville,  along  the  railroad  (locality  25),  the  I^aurel  limestone, 
25  feet  thick,  is  underlaid  by  a  somewhat  softer  limestone  4  feet  thick, 
weathering  in  some  places  to  a  clayey  calcareous  rock.  Beneath  this  is  a 
calcareous  rock  6i  feet  thick.  In  some  places  it  is  a  rather  finn  limestone, 
but  it  also  occurs  in  the  form  of  soft  and  shaly  strata,  readily  weather- 
ing, although  strongly  calcareous.  As  a  matter  of  fact,  the  Osgood  bed  is 
here  lithologically  simply  a  softer  phase  in  the  general  Silurian  section, 
although  paleontologically  it  separates  the  fauna  of  the  Clinton  limestone 
below  from  that  of  the  Laurel  limestone  above. 

At  Montgomery's  mill  (locality  27),  on  Piny  creek,  the  Osgood  bed 
forms  likewise  merely  the  softer  phase  at  the  base  of  the  general  lime- 
stone section. 

It  will  be  noticed  from  the  preceding  statements  that  the  Osgood  bed, 
on  being  followed  from  its  most  northern  outcrops  in  Tennessee  south- 
westward  along  the  Sank  of  the  anticline,  changes  from  a  soft  shaly  clay, 
easily  distinguished  from  the  limestones  above  and  below,  first  to  an  in- 
durated clay,  especially  near  the  top  of  the  section,  next  to  an  even 
harder  calcareous  rock,  again  chiefly  at  the  top  of  the  formation,  and, 
finally,  at  Linton  and  along  the  various  tributaries  of  Duck  river,  it 
becomes  a  soft  limestone.  Where  the  Osgood  bed  is  represented  by  lime- 
stone, its  identity  can  be  established  only  with  difficulty.     While,  there- 
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fore,  in  northern  Tennessee  and  in  Kentucky  and  southern  Indiana  the 
Osgood  bed  forms  a  well  marked  horizon,  south  of  the  Cumberland  river, 
especially  south  of  the  Harpeth  river,  it  can  be  recognized  only  when 
followed  from  outcrop  to  outcrop,  or  studied  in  connection  with  the 
fossils  found  in  the  Laurel  limestone  above  and  the  Clinton  limestone 
below.  South  of  Harpeth  river,  where  the  Clinton-Osgood-Laurel  beds 
form  practically  a  single  lithological  unit,  the  name  Centerville  limestone 
may  prove  convenient  as  a  general  name  for  this  series  (figure  3). 

Constancy  of  Laurel  limestone. — As  compared  with  the  Clinton  limestone 
and  Osgood  bed,  the  Laurel  limestone  is  constant  in  character,  both  in 
thickness  and  in  lithological  appearance.  It  is  a  whitish  limestone,  at 
some  localities  slightly  blotched  with  red.  Almost  all  the  Silurian  quar- 
ries at  present  operated  in  Indiana,  except  those  at  Utica  and  Charles- 
town  Landing  (Louisville  limestone),  along  the  Ohio  river,  belong  to  this 
horizon.  The  numerous  quarries  east  of  Clermont,  in  Bullitt  county, 
Kentucky,  are  in  the  Laurel  limestone.  The  quarries  along  Beargrass 
creek,  east  of  Louisville,  are  the  only  important  Silurian  quarries  known 
in  western  Kentucky  which  belong  to  another  horizon,  the  Louisville 
limestone.  In  Tennessee  the  Laurel  limestone  could  be  quarried  at 
South  Tunnel  (locality  4).  It  was  formerly  extensively  quarried  at  Baker 
(locality  6)  and  west  of  Whites  Bend  (locality  7).  It  is  at  present  actively 
operated  at  various  points  west  of  Newsom  (localities  11,  12),  and  local 
quarries  are  opened  at  Linton  (locality  15)  and  at  Centerville  (locality  26). 

Constancy  of  Waldron  shale. — The  Waldron  clay  shale  is  another  re- 
markably constant  bed.  North  of  Decatur  county,  in  Indiana,  it  changes 
into  a  limestone  horizon.  From  Waldron,  in  Indiana,  southward  to 
Newsom  (plate  39,  figure  2;  figure  1,  locality  12),  in  Tennessee,  it  con- 
sists of  shaly  clay,  sometimes  interbedded  with  a  little  thin  limestone. 
It  is  very  fossiliferous  at  numerous  points  in  Indiana ;  at  mpst  localities 
in  Kentucky  it  is  nearly  barren  or  contains  only  a  small  fauna,  and  this 
is  also  true  of  most  localities  in  Tennessee ;  but  at  Whites  Bend  it  is 
fairly  supplied  with  fossils,  and  at  Newsom  it  contains  a  rich  fauna, 
rivalling  the  best  localities  in  Indiana.  Its  thickness  usually  varies  in 
the  neighborhood  of  8  feet,  but  along  Duck  river  its  thickness  does  not 
appear  to  exceed  4  feet.  It  has  so  far  not  been  identified  farther  south 
or  west  in  Tennessee  than  Montgomery's  mill  (locality  27). 

Constancy  of  Louisville  liTnestone.-^Eeisi  of  Louisville,  along  Beargrass 
creek,  the  Louisville  formation  is  a  whitish  limestone.  All  of  the  lime- 
stone is  quarried,  although  some  of  the  layers  are  rather  soft  and  seem  to 
weather  readily.  Where  long  exposed  the  softer  rock  has  disintegrated 
so  that  the  section  seems  to  consist  of  fairly  hard  limestone  layers  sepa* 
rated  by  more  or  less  covered  intervals. 
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At  Bledsoe  (locality  3)  only  the  harder  layers  of  limestone  are  well 
exposed,  the  softer  layers  have  disintegrated  and  have  allowed  the  better 
preserved  layers  to  drop.  It  is  evident  that  at  one  time  the  section  must 
have  consisted  of  fine-grained,  white  limestone ;  harder,  more  calcareous 
layers  being  interbedded  with  softer,  more  argillaceous  beds.  At  Newsom 
(locality  12)  the  exposures  are  poor,  due,  no  doubt,  to  the  presence  of 
readily  weathered  beds.  At  the  bridge  west  of  Pegram  (locality  9)  the 
upper  10  feet  of  the  section  are  occupied  by  calcareous  clay  (plate  41, 
figure  1)  containing  numerous  fossils.  The  limestone  beneath,  above 
the  level  of  the  railroad  track,  is  lithologically  very  similar  to  the  poorer 
quality  of  limestone  at  Louisville.  Underlying  this  rather  soil  limestone, 
below  the  level  of  the  railroad,  are  soft,  clayey  beds,  and,  still  lower,  in 
the  bed  of  the  wet  weather  stream  toward  the  north,  there  is  a  series  of 
hard  limestone  layers,  containing  9pirifer  foggi  and  other  characteristic 
Louisville  limestone  fossils. 

The  Louisville  limestone  is  known  at  present  only  where  unconform- 
ably  overlaid  by  the  Black  shale.  Since  it  is  probable  that  erosion  took 
place  previous  to  the  deposition  of  the  Black  shale,  it  is  not  possible  to 
form  ,even  an  idea  of  the  original  thickness  of  this  formation.  The 
thickest  section  measured  in  Tennessee  is  that  at  Bledsoe,  82}  feet. 

THE  SILURIAN'DRVONIAN  UNCONFORMITY 

The  Silurian  formations  in  Tennessee  are  overlaid  unconformably  by 
the  Devonian.  The  evidence  for  this  is  abundant  (figures  3,  4,  and  5). 
The  determination  of  the  precise  character  of  this  unconformity  was 
made  possible  by  the  recognition  of  the  various  subdivisions  of  the 
Silurian,  as  defined  above. 

At  South  Tunnel  (figure  1,  locality  4)  the  Chattanooga  Black  shale 
(Devonian)  rests  on  only  5  feet  of  Waldron  clay  shale.  The  upper  part 
of  the  latter  bed  was  probably  removed  before  the  deposition  of  the 
Black  shale.  At  Bledsoe  (locality  3)  the  Black  shale  rests  on  at  least 
82  feet  of  Ijouisville  limestone.  At  the  home  of  S.  R.  Wood  (locality  2) 
the  Black  shale  rests  on  18i  feet  of  Laurel  limestone.  At  the  exposure 
near  Halum  P.  Weeks*  house  (locality  1)  the  base  of  the  Black  shale  is 
separated  by  an  interval  of  18  feet  from  the  highest  exposed  part  of  the 
Osgood  shale.  The  thickness  of  Osgood  clay  shale  exposed  is  11  feet. 
At  the  Weeks  locality,  therefore,  the  Black  shale  rests  on  a  layer  22  feet 
lower  in  the  scale  than  the  layer  on  which  it  rests  at  the  home  of  S.  R. 
Wood.  Along  the  road  leading  southward  down  the  hill  from  the  Gap 
of  the  Ridge  the  Black  shale  rests  directly  on  the  Ordovician.  The 
structure  may  be  that  of  a  syncline,  with  its  trough  near  Bledsoe.  At 
Bledsoe  the  Black  shale  rests  on  the  highest  Silurian  strata  exposed 
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along  the  flank  of  the  anticline.  East  and  west  of  Bledsoe  it  rests  on 
lower  formations,  the  amount  of  unconformity  being  greatest  eastward, 
as  already  shown. 

At  Baker  the  uncon- 
formity may  easily  be 
recognized.  North  of  the 
station  (locality  5)  the 
Black  shale  rests  on  Hi 
feet  of  Louisville  lime- 
stone. At  the  quarries 
southeast  of  the  station 
(locality  6)  the  Black 
shale  rests  on  the  Wal- 
dron  shale.  Near  the 
northwestern  end  of  the 
quarry  it  rests  on  the  full 
thickness  of  the  shale,  8 
feet,  but  near  the  eastern 
end  of  the  quarry  only 
on  the  lower  half. 

At  Goodlettsville  the 
Black  shale  rests  on  about 
the  same  thickness  of 
Louisville  limestone  as 
north  of  Baker  Station. 

Along  the  road  to  Ash- 
land Citv,  west  of  Whites 
Bend,  the  Black  shale 
rests  usually  on  variable 
thicknesses  of  Waldron 
shale,  and  where  this  is 
absent  on  the  Laurel 
limestone.  At  the  old 
quarries,  600  feet  west  of 
John  Suell's  house  (lo- 
cality 7),  the  Black  shale 
is  absent  and  the  Waverly 
rests  on  the  top  of  the 
Laurel  limestone.  At  the 
large  quarry,  along  the 
road  farther  eastward,  the 
Black    shale,   having    a 
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thickness  of  4  feet,  rests  on  the  Waldron  shale,  which  here  varies  from 
2}  to  8  feet  in  thickness  in  different  parts  of  the  quarry,  thns  giving 
evidence  of  considerable  unconformity  within  a  comparatively  short 
distance.  Several  hundred  yards  from  the  road,  at  a  quarry  northeast 
of  that  last  mentioned  and  up  a  little  valley,  the  Black  shale  is  absent 
and  the  Waverly  rests  on  the  Waldron  shale,  8  feet  thick.  At  one  point 
a  few  blocks  of  Louisville  limestone  intervene  between  the  top  of  the 
Waldron  shale  and  the  Waverly.  A  considerable  distance  £Eurther  east- 
ward, a  quarter  of  a  mile  west  of  John  Scott  s  house  (locality  8),  west  of 
Whites  Bend,  the  Black  shale  rests  either  on  2  or  3  inches  of  Waldron 
shale  or  on  the  top  of  the  Laurel  limestone.  Next  to  the  Newsom  locali* 
ties  the  exposures  near  John  Suell's  house  furnish  the  greatest  variety 
of  Waldron  fossils,  but  not  in  as  great  abundance. 


r 


•« « 


FiouKK  5.— Rapid  l%innmg  incident  to  Uneortfonmijf. 

The  diagrams  show  fche  Tery  rapid  thinning  of  Silurian  formations  where  anoonformably  overlaid 

by  the  Devonian. 


Along  the  Harpeth  river,  between  Newsom  and  the  bridge  at  Pegram, 
the  Black  shale  is  underlaid  by  Devonian  limestone,  varying  from  3  to 
12  feet  in  thickness,  corresponding  apparently  to  the  Devonian  lime- 
stones of  Kentucky  and  southern  Indiana.  The  top  of  the  limestone 
contains  fossils  belonging  to  the  horizon  of  the  Sellersburg  limestone  of 
southern  Indiana  and  Kentucky  and  the  Hamilton  of  New  York.  The 
middle  and  lower  ])art  of  the  limestone  contains  Nud^HTtnua  vemeidu 
a  characteristic  corniferous  fossil.  It  is  here  called  the  Pegram  lime- 
stone. 

At  Newsom,  southwest  of  the  station,  beyond  the  quarry  nearest  the 
railroad  (locality  12),  the  Pegram  limestone  (plate  40,  figures  1  and  2) 
rests  on  Louisville  limestone  having  a  thickness  of  32  feet,  poorly  ex- 
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posed.  Southeast  of  Sam  Walker's  hoase  (locality  10),  along  the  river 
and  about  three-fourths  of  a  mile  west  of  Foster  and  Creighton's  switch 
(locality  11),  the  Pegram  limestone  rests  on  Louisville  limestone  having 
a  thickness  of  28  to  30  feet.  At  the  bridge,  a  mile  and  a  half  west  of 
Pegram,  the  Pegram  limestone  rests  on  an  unknown  thickness  of  Louis- 
ville limestone.  Including  the  softer,  more  shaly  courses  at  the  top  of 
the  section,  at  least  30  feet  of  Louisville  rock  are  exposed  south  of  the 
railroad  ;  adding  the  strata  exposed  in  the  ravine  extending  north  from 
the  railroad,  the  total  thickness  may  exceed  50  feet.  The  Waldron  sbale 
belongs  stratigraphically  at  a  still  lower  horizon,  but  it  is  not  exposed 
here. 

While  at  Newsom  (locality  12)  32  feetof  Louisville  limestone  intervene 
between  the  Pegram  limestone  and  the  Waldron  shale,  at  the  quarry  south 
of  J.  V.  Linton's  house  (locality  15)  the  Black  shale  rests  directly  on  the 
top  of  the  Laurel  limestone,  the  Louisville  limestone  and  Waldron  shale 
being  absent.  About  2  miles  southward,  where  the  road  to  Fernvale 
crosses  the  creek,  half  a  mile  beyond  the  house  of  James  A.  Linton,  Jr. 
(locality  16),  the  Laurel  limestone  and  the  Osgood  bed  are  also  absent, 
so  that  the  Black  shale  rests  on  16  feet  of  cherty  Clinton  |limestone. 
Just  north  of  a  little  branch  a  quarter  of  a  mile  south  of  the  home  of 
James  Linton,  Sr.  (locality  17),  most  of  the  Clinton  even  is  absent,  the 
thickness  of  the  Clinton  (cherty  limestone)  beneath  the  Black  shale 
being  only  2  feet.  A  mile  farther  south,  at  the  school-house,  the  Black 
shale  rests  on  Ordovician  rocks. 

The  Johnson  V.  Linton  locality  is  about  half  a  mile  south'  of  the 
Linton  post-office  or  the  Elliston  store.  As  stated  in  the  last  paragraph, 
the  Black  shale  here  rests  on  the  top  of  the  Laurel  limestone.  About 
a  mile  eastward,  on  the  road  to  Tank,  an  eighth  of  a  mile  before  reach- 
ing a  n^ro  church,  the  hillside  north  of  the  road  is  covered  with  frag- 
ments of  chert  containing  a  fair  numbef  of  Clinton  fossils.  The  highest 
chert  fragments  are  found  23  feet  above  the  road,  and  since  the  Black 
shale  is  seen  only  38  feet  higher  up,  resting  on  limestone  containing 
Fisocrinu8  gemmiformia^  it  is  probable  that  the  Black  shale  here  also  rests 
on  the  top  of  the  Laurel  limestone.  However,  at  the  foot  of  the  hill, 
half  a  mile  west  of  Tank,  above  the  spring  south  of  the  home  of  W.  M. 
Forehand  (locality  13),  only  3  feet  of  cherty  Clinton  limestone  are  seen 
beneath  the  Black  shale.  For  10  feet  below  the  Clinton  exposure  the 
rock  is  covered.  This  part  of  the  section  is  probably  occupied  by  the 
soft  clayey  layers,  which  are  quite  characteristic  of  the  top  of  the  Ordo- 
vician in  the  area  west  of  Franklin. 

At  the  Oil  well,  a  short  distance  south  of  Tom  Fox's  house  (locality 
18),  along  a  branch  of  Leipers  creek  the  Black  shale  rests  on  6  feet  of 

LVIX— Bull.  Giol.  Soo.  Am.,  Vol.  12,  1900 


412      A.  F.  FOERSTE — LIMESTONES  OP  TENNESSEE  AND  KENTUCKY 

Osgood  limestone.  About  a  quarter  of  a  mile  farther  north,  a  short  dis- 
tance above  the  home  of  Carol  Litton,  it  rests  on  the  top  of  the  Clinton. 
It  rests  on  the  Clinton  also  a  mile  east  of  the  mouth  of  the  Oil  well 
branch,  up  Leipers  creek. 

A  mile  above  Fly's  store,  on  Leipers  creek,  the  Black  shale  rests  on 
Ix>uisville  limestone  14  feet  thick.  The  age  of  the  Louisville  limestone 
is  shown  by  the  presence  of  Waldron  shale  at  one  point  near  the  top  of 
the  bluff.  About  five-eighths  of  a  mile  straight  southward,  on  the  road 
from  Fly  to  Santa  F6,  the  Black  shale  rests  on  the  lower  half  of  the 
Laurel  limestone.  Only  the  cherty  beds  forming  the  upper  half  of  the 
Clinton  are  well  exposed.  In  this  cherty  part  of  the  Clinton,  especially 
near  the  top  of  the  section.  Holy  sites  caienvlaJLus  is  often  very  common— 
a  fact  characteristic  of  the  Clinton  in  Maury  county,  and  observed  also 
at  Newsom  and  at  the  spring-house  belonging  to  Belfield  Robinson,  south 
of  the  Sam  Walker  farm  (locality  10). 

East  of  the  home  of  C.  £.  Harris  (locality  H)  the  Black  shale  rests  on 
Laurel  limestone  13i  feet  thick.  About  a  mile  and  a  quarter  directly 
southward,  northeast  of  the  home  of  Mat  Sowal  (locality  S)^  a  laige  part 
of  the  section  is  not  exposed.  The  base  of  the  Clinton  is,  however,  well 
shown,  and  chert  fragments  with  Clinton  fossils  occur  up  to  a  level  of 
33  feet  above  the  base.  Above  this,  for  a  distance  of  25  feet,  there  are 
no  exposures ;  then  21  feet  of  limestone  are  seen.  From  this  it  is  prob- 
able that  the  Black  shale  rests  on  Louisville  limestone. 

Two  miles  directly  north  of  C.  £•  Harris^  house,  on  the  road  from 
Snow  creek  to  Bethel  church,  the  Black  shale  rests  on  Clinton  limestone 
15  feet  thick.  A  mile  and  a  quarter  northward,  along  the  same  road, 
below  the  house  of  Peter  Thompson,  the  Black  shale  rests  on  the  Clin- 
ton, apparently  on  the  top  of  the  full  section. 

A  mile  and  a  half  northeast  of  C.  £.  Harris'  house,  opposite  the  home 
of  J.  W.  Skelley,  above  the  spring,  the  Black  shale  rests  on  15i  feet  of 
Clinton  limestone.  About  the  same  distance  southeast  of  the  C.  E.  Harris 
locality,  on  the  road  to  Mowd,  the  Clinton  beneath  the  Black  shale  has 
a  thickness  of  13i  feet. 

At  Montgomerys  mill  (locality  27)  the  Black  shale  rests  on  Louisville 
limestone  25  feet  thick.  On  the  road  leading  from  Centerville  station 
into  town  it  rests  on  Waldron  clay  shale  2i  feet  thick.  Along  the  rail- 
road southwest  of  town  the  Waldron  beneath  the  Black  shale  measures 
only  4  inches.  Above  the  spring  in  the  Tan  Yard  hollow  (locality  22), 
2i  miles  southeast  of  Centerville,  15  feet  of  solid  white  cherty  Clinton 
are  exposed.  The  total  Clinton  section  is  not  seen.  Above  this  ledge 
is  a  space  of  about  10  feet  in  which  very  little  rock  is  exposed.  This  is 
probably  occupied  by  the  soft  shaly  Osgood  layers.    Overlying  this  space 
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is  white  limestone  2  feet  thick,  which  probably  belongs  to  the  base  of  the 
Laurel.  The  Black  shale  lies  immediately  above.  About  1}  miles  far- 
ther eastward,  at  a  spring  in  Terrel  hollow  (locality  21),  the  Black  shale 
rests  on  Clinton  limestone  18  feet  thick.  At  Foggs  post-office  (locality 
20),  li  miles  southwest  of  Tottys  Bend  post-office,  3}  miles  northeast  of 
the  last  locality,  the  Black  shale  rests  on  very  hard  white  Clinton  lime- 
stone 5  feet  thick  and  contains  chert  nodules. 

While  at  Centerville  (locality  25)  the  Black  shale  rests  on  the  Waldron 
shale,  two  miles  south  of  Centerville,  in  the  hollow  near  Sdm  Turner's 
log  house  (locality  24),  a  short  distance  north  of  Mrs  Isabella  Wiss' 
home,  Black  shale  rests  on  only  8  feet  of  Clinton  limestone  containing 
layers  of  cherty  nodules.  A  short  distance  southeastward,  at  the  Dean 
phosphate  quarry,  the  Black  shale  rests  on  the  Ordovician  limestone. 

Moreover,  while  above  the  spring  in  the  Tan  Yard  hollow  (locality  22) 
the  Black  shale  rests  on  rock  believed  to  belong  to  the  base  of  the  Laurel 
limestone,  a  mile  and  a  half  farther  southward,  about  225  feet  north  of 
the  spring  north  of  the  home  of  Mrs  Rebecca  C.  Orman  (locality  23),  tbe 
Clinton  beneath  the  Black  shale  has  a  thickness  oT  only  9i  feet.  It  con- 
tains chert  nodules.  At  Swan  bluff,  farther  south,  the  Black  shale  rests 
on  the  Ordovician. 

At  the  Tennessee  Mines,  4i  miles  south  of  Swan  bluff,  the  Black  shale 
rests  on  the  Ordovician.  A  short  distance  farther  south,  where  the  road 
going  downhill  crosses  a  little  stream  (locality  28),  the  Black  shale  rests 
on  several  chert  layers,  which  have  a  thickness  of  2i  feet.  Only  the 
chert  is  preserved,  the  intermediate  limestone  having  decayed  and  dis- 
appeared. Beneath  is  cross-bedded  Ordovician  limestone.  On  the  other 
side  of  Swan  creek,  on  the  road  leading  from  Tennessee  Mines  across  the 
creek  and  then  down  the  east  side  of  the  valley,  is  a  bluff  (locality  29) 
of  massive  white  limestone  about  11  feet  high,  believed  to  belong  to  the 
Clinton.  As  is  usual  along  the  headwaters  of  Swan  creek,  the  lower  and 
middle  parts  of  the  Clinton  are  heavily  bedded  and  free  from  chert. 
While  chert  occurs  at  various  localities  in  the  lower  part  of  the  Clinton, 
as  already  noted,  this  is  rather  exceptional.  The  bluff  mentioned  is  on 
the  W.  D.  Aydlott  property,  about  a  quarter  of  a  mile  south  of  the  road 
crossing  the  creek  east  of  the  mines.  The  Black  shale  is  immediately 
above  the  Clinton,  but  the  base  of  the  latter  is  not  seen.  About  a  mile 
north  of  the  Lewis  County  line,  on  the  east  side  of  the  creek,  west  of  the 
home  of  Anderson  Morris  (locality  30),  the  Black  shale  rests  on  26  feet 
of  Clinton  limestone.  The  base  of  the  Clinton  is  not  seen.  The  upper 
2J  feet  of  the  exposure  consist  of  fossiliferous  cherty  beds,  below  which 
are  6i  feet  of  limestone  with  the  chert  in  the  form  of  layers  of  nodules. 
A  layer  containing  Hdiolitea  rather  abundantly  occurs  immediately  be- 
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neath,  and  under  this,  but  best  exposed  a  short  distance  southward,  is 
white  limestone  containing  very  little  chert  The  thickness  of  this  white 
limestone  is  at  least  17  feet,  but  the  base  of  the  Clinton  is  not  seen.  The 
presence  of  considerable  chert  in  the  upper  part  of  the  Clinton  section, 
accompanied  by  a  comparative  absence  of  chert  in  the  lower  part,  is  a 
feature  often  observed  in  the  southern  part  of  the  area  under  investiga- 
tion. While  not  a  constant  feature,  it  nevertheless  frequently  serves  to 
give  a  clue  as  to  the  probable  part  of  the  Clinton  section  exposed.  This 
may  be  verified  by  exposing  the  rest  of  the  section  by  digging. 

East  of  Palestine,  on  the  east  side  of  the  creek  (locality  31),  the  Black 
shale  rests  on  18  feet  of  Clinton,  the  upper  6  feet  with  chert  nodules,  the 
lower  12  feet  more  heavy  bedded.  East  of  the  mouth  of  Little  Swan 
creek  (locality  32)  the  filack  shale  rests  on  12  feet  of  heavy  bedded 
Clinton.  A  third  of  a  mile  up  stream  (locality  33),  17  feet  of  Clinton 
are  exposed  beneath  the  Black  shale,  the  lower  bed^  being  heavy 
bedded.  Still  farther  up  stream,  about  three-quarters  of  a  mile  below 
the  crossing  of  the  Natchez  trace,  and  an  equal  distance  beyond  the 
last  locality,  the  Clinton  beneath  the  Black  shale  is  only  4  feet  thick. 
It  forms  a  good  quarry  rock,  and  where  freshly  exposed  shows  a  light 
blue  color  and  a  dense  grain.  Above  Gordensburg  the  Silurian  is  ab< 
sent,  and  the  Black  shale  rests  on  the  Ordovician. 

CONTRAST  OF  VARIATIONS  IN  THICKNESS  OF  SILURIAN  SUBDIVISIONS 

Where  the  various  subdivisions  of  the  Silurian  are  overlaid  by  the 
Devonian  they  usually  vary  considerably  in  thickness.  This  variation 
in  thickness  generally  consists  in  a  rapid  diminution  toward  the  margin 
of  outcrop  along  the  flank  of  the  anticline.  Considering  the  gradual 
variations  in  thickness  of  these  subdivisions  where  overlaid  by  higher 
subdivisions  of  the  Silurian,  their  rapid  diminution  in  thickness  where 
no  longer  overlaid  by  higher  Silurian  formations  is  very  striking.  Since 
all  of  the  subdivisions  of  the  Silurian  are  affected  in  this  manner,  a  con- 
siderable section  often  disappears  within  a  very  short  distance  (figures 
1,  3,  4,  6). 

At  Bledsoe  (locality  3)  the  Silurian  section  is  151  feet  thick,  but  no 
trace  of  it  is  seen  at  the  Gap  of  the  ridge,  9  miles  eastward.  This  is  a 
decrease  in  thickness  of  about  17  feet  per  mile.  Between  the  8.  R 
Wood  locality  (locality  2)  and  the  Gap,  however,  the  rate  of  decrease  is 
al^out  30  feet  per  mile,  while  the  indications  are  that  between  theHalum 
P.  Weeks  locality  (locality  1)  and  the  Gap  a  Silurian  section  of  31  feet 
disappears  within  considerably  less  than  a  mile ;  and  yet  there  is  every 
reason  to  believe  that  the  full  section  of  Osgood  clay  shale  is  present 
at  the  Halum  P.  Weeks  locality,  and  that  this  clay  shale,  where  con- 
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foruiably  overlaid  by  the  Laurel  limestone,  is  increasing  instead  of  de- 
creasing in  thickness  eastward.  Moreover,  the  Laurel  limestone,  which 
has  been  gradually  increasing  in  thickness  from  Newsom  northeastward, 
as  far  as  Bledsoe,  is  only  18.5  feet  thick  at  the  S.  R.  Wood  locality,  and 
disappears  a  short  distance  east  of  Weeks'  house. 

At  Baker  17i  feet  of  Louisville'  limestone  disappear  in  a  distance  of 
half  a  mile  southeastward. 

There  is  no  diminution  in  thickness  of  the  Laurel  limestone  between 
Newsom  (locality  12)  and  the  Johnson  V.  Linton  locality  (locality  15) ; 
on  the  contrary,  there  is  a  slight  increase.  Nevertheless,  in  a  distance 
of  2  miles  southward  the  entire  Laurel  section,  the  equivalent  of  the 
Osgood  bed,  and  the  upper  parts  of  the  Clinton  limestone  have  disap- 
peared. This  is  estimated  to  be  a  decrease  in  thickness  of  25  feet  per 
mile.  Between  the  J.  Linton,  Jr.  (locality  16),  and  the  J.  Linton,  Sr. 
(locality  17),  localities,  the  Clinton  diminishes  from  16.5  to  2  feet  in 
three-quarters  of  a  mile.  The  rate  of  diminution  between  Newsom  and 
the  J.  Linton,  Sr.,  locality  is  14  feet  per  mile.  Between  the  locality 
2  miles  west  of  Tank  (locality  14)  and  the  W.  M.  Forehand  (locality 
13)  locality,  however,  it  is  calculated  to  be  at  least  40  feet  per  mile, 
involving  all  the  formations  below  the  Waldron  shale  horizon.  In 
striking  contrast  with  this  is  the  comparative  constancy  in  thickness  of 
the  Laurel  and  Osgood  sections  at  numerous  exposures  between  Newsom 
and  Pegram,  also  in  an  east  and  west  direction  although  farther  north- 
ward. 

Nedr  Fly  (locality  19)  the  Silurian  section  diminishes  about  70  feet 
in  one  mile  going  southward;  east  of  C.  E.  Harris'  it  diminishes  about 
30  feet,  and  east  of  Mat  Sowals,  about  40  feet  per  mile. 

Between  Montgomerys  mill  (locality  27)  and  Centerville  (locality  25), 
in  a  distance  of  about  6  miles,  the  Laurel  limestone  seems  to  diminish 
in  thickness  from  28  feet  to  25  feet.  This  is  of  very  little  significance, 
when  the  diflSculty  of  discriminating  between  the  top  of  the  Osgood  bed 
and  the  base  of  the  Laurel  limestone  in  these  southern  sections  is  con- 
sidered. In  striking  contrast  with  this  regularity  in  thickness  is  the 
almost  entire  disappearance  of  the  Laurel  limestone  within  a  distance 
of  3  miles,  if  the  2  feet  of  limestone  immediately  beneath  the  Black 
shale  at  Tan  Yard  hollow  (locality  22)  be  accredited  to  the  Laurel 
horizon.  If  this  identification  is  not  correct  the  Laurel  has  entirely  dis- 
appeared. In  a  distance  of  6.5  miles  between  Centerville  and  Fogg 
(locality  20),  all  except  the  lower  5  feet  of  the  Clinton  have  disappeared. 
This  is  a  diminution  of  about  10  feet  per  mile.  This  rate  of  decrease  is, 
however,  much  exceeded  toward  Sam  Turner's  house  (locality  24),  where 
the  rate  is  about  40  feet  per  mile.    Between  Tan  Yard  hollow  (locality 
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22)  and  the  Mrs  R  C.  Orman  (locality  23)  localities  the  rate  of  decrease 
is  calculated  to  be  about  25  feet  per  mile. 

In  contrast  with  the  pronounced  changes  in  thickness  noted  abore, 
where  the  Silurian  formations  are  unconformably  overlaid  by  the  De- 
vonian, note  the  comparatively  small  rate  of  change  where  the  same 
subdivisions  are  conformably  overlaid  by  higher  beds  of  the  Silurian. 
The  greatest  change  in  thickness  noted  in  the  case  of  the  Clinton  lime- 
stone is  that  between  Whites  Bend  (locality  8)  and  Baker  (locality  6), 
a  decrease  of  12.5  feet  in  15  miles,  or  less  than  1  foot  per  mile.  The 
greatest  change  in  thickness  noted  in  the  case  of  the  Osgood  bed  is  that 
between  South  Tunnel  (locality  4)  and  Bledsoe  (locality  3),  a  change 
of  16.5  feet  in  14  miles,  or  slightly  more  than  1  foot  per  mile.  Usually 
the  rates  of  change  per  mile  of  the  Silurian  formations  where  overlaid 
by  other  Silurian  beds  are  much  less  than  those  mentioned  above. 

BVIDBNCE  BY  SILURIAN  FORMATIONS  AS  TO  A&B  OF  CINCINNATI  ANTICLINE 

Silurian  overlaid  by  Devonian  b^da, — The  preceding  observations  make 
it  clear  that  along  the  western  flank  of  the  Cincinnati  anticline  the  De- 
vonian Black  shale  is  deposited  on  the  inclined  margins  of  the  various 
subdivisions  of  the  Silurian.  In  correlating  the  data  obtained  in  Ten- 
nessee and  Kentucky  it  is  evident  that  the  Cincinnati  anticline  was  con- 
siderably developed  before  the  deposition  of  the  socalled  Comiferous 
limestone  and  of  the  Black  shale.  This  brings  up  the  question,  What 
relation  has  the  thinning  of  the  various -subdivisions  of  the  Silurian 
along  their  margins  on  the  western  flank  of  the  anticline  to  the  history 
of  the  latter's  development  ? 

In  this  connection  it  should  be  noted  that  the  very  rapid  thinning  of 
the  various  Silurian  formations  is  confined  to  those  areas  which  are 
nearest  the  axis  of  the  anticline,  where  these  beds  are  overlaid  by  the 
Devonian.  If  the  same  formations  be  traced  where  they  are  overlaid  by 
other  Silurian  rocks,  they  are  found  either  to  be  fairly  constant  in  thick- 
ness or  to  vary  at  a  much  smaller  rate.  Moreover,  in  northern  Ten- 
nessee the  Osgood  and  Laurel  formations,  when  traced  beneath  other 
Silurian  beds,  gradually  increase  in  thickness  toward  the  anticline  for  a 
distance  of  many  miles,  but  where  overlaid  by  the  Devonian  they  rapidly 
become  thinner,  and  disappear  within  a  very  short  distance  on  being 
followed  in  the  same  direction. 

These  differences  in  the  variations  of  thickness  of  Silurian  formations 
where  overlaid  by  the  Silurian  and  where  overlaid  by  the  Devonian  sug- 
gest differences  of  history.  While  those  parts  of  these  formations  which 
are  overlaid  by  other  Silurian  beds  are  probably  preserved  in  the  form 
in  which  they  were  originally  deposited,  without  any  alteration  in  thick- 
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ness  due  to  subBequent  erosion,  it  is  not  probable  that  this  was  the  case 
where  the  same  formations  are  foand  directly  overlaid  by  the  Black 
shale.  # 

This  becomes  more  evident  when  the  demands  of  a  contrary  view  are 
considered.  If  the  thinning  of  the  various  Silurian  formations  be  due 
to  original  deposition,  the  thinned  margins  of  these  formations  must 
represent  their  extreme  limit  of  deposition  on  the  western  flank  of  the 
anticline.  In  that  case  it  will  be  noted  that  at  many  points  the  bound- 
aries of  several  formations  occur  within  a  very  short  distance  of  one 
another.  Since  no  case  is  known  in' which  the  margin  of  an  upper 
Silurian  formation  extends  beyond  the  margin  of  a  lower  formation  of 
this  age,  it  is  evident  that  not  only  must  the  Silurian  beds  have  been 
deposited  during  a  rise  of  the  anticline,  but  the  rise  must  have  been  so 
constant  that  at  no  point  in  the  entire  field  was  it  possible  for  any  of  the 
Silurian  formations  to  extend  beyond  the  margin  of  one  of  the  older 
Silurian  beds.  When  the  near  approach  to  one  another  of  the  marginal 
outcrops  of  the  various  Silurian  formations  at  many  points  is  considered, 
the  absence  of  overlap  becomes  marvelous,  and  the  possibility  of  this 
being  due  to  original  deposition  incredible. 

If  the  present  thinning  of  the  subdivisions  of  the  Silurian  toward  the 
axis  of  the  anticline  be  due  to  original  deposition,  the  western  flank  of 
the  anticline  must  at  some  points  have  been  strongly  inclined,  since  in 
no  other  manner  would  it  be  possible  to  find  such  a  thick  Silurian  sec- 
tion so  near  to  the  most  eastern  edge  of  outcrop  of  this  age  as  is  found 
at  those  localities  where  the  rate  of  thinning  is  most  rapid.  It  seems  im- 
possible to  believe  that  no  evidences  of  shore  conditions  would  be  found 
on  a  shore  so  highly  inclined.  Nevertheless  not  a  single  Ordovician 
fossil  has  so  far  been  found  included  in  Silurian  rocks,  although  Ordo- 
vician forms  are  known  at  various  points  in  Kentucky  and  Tennessee 
in  the  base  of  the  Black  shale  and  in  the  base  of  the  Devonian  limestone 
where  these  strata  directly  overlie  or  are  closely  contiguous  to  Ordovician 
rocks.  No  pebbles  or  ripple-marks  or  strong  lithological  changes  are 
noticed  pointing  to  the  immediate  vicinity  of  a  shore  line.  The  amount 
of  admixture  of  clayey  material  in  the  Laurel  bed  is  much  less  than 
might  be  expected  if  the  Cincinnati  anticline  was  already  as  well  de- 
veloped in  the  Silurian  age  as  in  times  immediately  preceding  the  depo- 
sition of  the  Devonian  limestone  and  the  Black  shale. 

Moreover,  it  seems  hardly  probable  that  such  a  rapid  decrease  of  the 
Silurian  beds  toward  the  anticline  could  take  place  where  these  strata 
are  overlaid  by  Devonian  rocks  without  being  accompanied  by  corre- 
sponding changes  in  thickness  of  these  beds  where  covered  by  strata  of 
the  same  general  age. 
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In  other  words,  the  facts  so  far  accumulated  indicate  that  the  thinning 
of  the  various  subdivisions  of  the  Silurian  is  not  due  to  lack  of  deposi- 
tion, but  to  subsequent  erosion.  They  suggest  that  these  subdivisions 
once  extended  much  farther  up  the  western  flank  of  the  anticline.  A 
similar  series  of  observations  in  central  Kentucky  indicates  that  the  cor- 
responding formations  once  extended  also  much  farther  upon  the  eastern 
flank  of  the  anticline.  In  central  Tennessee  there  is  no  evidence  to  show 
whether  these  subdivisions  once  extended  entirely  across  the  axis  of  the 
anticline,  but  in  Kentuck}^  and  northern  Tennessee  there  are  some  rea- 
sons for  believing  that  at  least  the  lower  subdivisions — the  Clinton  and 
the  Osgood  beds — once  were  continuous  across  the  axis  of  the  fold. 

The  Cincinnati  anticline  was  certainly  fairly  developed  at  the  time  of 
deposition  of  the  so-called  Comiferous  limestone  of  Kentucky,  and  of 
the  Pegram  bed  in  Tennessee.  Facts  so  far  accumulated  in  Tennessee 
do  not  demand  the  existence  of  this  anticline  in  Silurian  times  before 
the  close  of  the  deposition  of  the  Louisville  limestone.  The  anticline 
may  have  existed  during  Silurian  times,  but  the  proof  has  not  yet  been 
secured. 

Since  the  elevations  of  all  of  the  localities  are  not  known,  the  sections 
of  figure  5  are  so  drawn  that  the  horizon  at  the  base  of  the  Black  shale 
forms  a  horizontal  line.  It  is  believed  that  this  will  give  a  better  idea 
of  the  character  of  the  Silurian  sections  in  times  immediately  preced- 
ing the  deposition  of  the  Black  shale  than  would  be  given  by  any  other 
method  possible  with  the  data  at  hand. 

Silurian  overlaid  by  other  Silurian  beds. — The  facts  given  in  the  precetl- 
ing  pages  indicate  that  the  absence  of  the  Clinton  limestone  in  the  region 
immediately  west  of  Lafayette  is  due  to  pre-Devonian  erosion.  The  rapid 
thinning  of  this  limestone  on  passing  from  Whites  Bend  to  Lafayette 
(figure  3),  however,  suggests  that  not  far  east  of  Lafayette  there  may 
have  been  a  region  where  the  Clinton  was  never  deposited.  Since  an 
area  northeast  of  Lafayette  would  lie  along  the  axis  of  the  Cincinnati 
anticline,  this  is  equivalent  to  stating  that  the  Clinton  may  never  have 
been  deposited  over  a  part  of  the  Cincinnati  anticline.  This  at  once 
raises  the  question  whether  the  Cincinnati  anticline  had  begun  its  devel- 
opment in  early  Silurian  times,  and  therefore  was  already  suflSciently 
developed  in  the  Clinton  period  to  prevent  the  deposition  of  the  Clinton 
limestone.  Various  writers  have  held  this  view,  their  data  being  derived 
chiefly  from  more  northern  regions.  In  Tennessee  the  only  instance  of 
thinning  of  the  Clinton  limestone  toward  the  anticline  is  that  just  men- 
tioned. Present  observations  indicate  a  fair  degree  of  uniformity  in  the 
thickness  of  this  limestone  in  the  more  southern  part  of  the  area  so  far 
examined,  south  of  Whites  Bend,  as  far  as  Maury  county^ 
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In  the  absence  of  further  evidence,  the  thinning  of  the  Clinton  lime- 
stone northeastward,  toward  Lafayette,  deserves  special  consideration. 
In  this  connection  it  should  be  noticed  that  the  thinning  of  the  Clinton 
limestone,  as  above  indicated,  takes  place  in  a  direction  very  nearly 
parallel  to  the  trend  of  the  western  flank  of  the  anticline.  Moreover, 
the  rate  of  thinning  is  more  rapid  between  Whites  Bend  (locality  8)  and 
South  Tunnel  (locality  4),  where  the  direction  is  northeast,  than  between 
South  Tunnel  and  the  localities  west  of  Lafayette  (localities  1  and  2), 
where  the  direction  is  more  nearly  east ;  in  other  words,  more  directly 
toward  the  crest  of  the  anticline.  From  this  it  is  just  as  easily  possible 
to  arrive  at  the  conclusion  that  the  area  of  non-deposition  lay  during 
Clinton  times  toward  the  north  of  South  Tunnel  and  Lafayette,  along 
the  Tennessee-Kentucky  boundary  or  northward,  as  to  suppose  that  the 
axis  of  elevation  of  this  Clintonless  area  coincided  with  that  of  the  Cin- 
cinnati anticline,  being  in  fact  an  early  stage  in  the  development  of 
that  axis. 

Moreover,  the  Clinton  is  known  to  decrease  in  thickness  on  passing 
from  southern  Ohio  to  southern  Indiana  and  adjacent  Kentucky ;  in 
fact,  it  is  entirely  absent  in  some  of  the  more  western  Silurian  sections 
in  Indiana,  and  is  less  than  3  feet  thick  in  many  parts  of  Indiana  and 
adjacent  Kentucky. 

From  this  it  appears  fully  as  likely  that  an  area  of  shallow  waters, 
with  possibly  occasional  limited  land  areas,  existed  in  Clinton  times  in 
a  region  distinctly  west  of  the  axis  of  the  anticline  bs  that  such  an  eleva- 
tion existed  along  the  present  axis  of  this  fold. 

The  thickening  of  the  Osgood  clay  shale,  and,  to  a  less  degree,  also 
of  the  Laurel  limestone,  along  the  line  from  Whites  Bend  to  Lafayette 
(figures  1  and  3)  directly  opposes  the  idea  of  the  early  development  of 
a  permanent  fold  along  the  present  trend  of  the  Cincinnati  anticline ; 
especially  since  the  thickening  of  the  Osgood  and  Laurel  beds  is  -more 
rapid  where  the  direction  is  eastward,  between  South  Tunnel  and  La- 
fayette, than  where  the  direction  is  more  parallel  to  the  trend  of  the 
axis,  between  Whites  Bend  and  South  Tunnel.  It  is  scarcely  in  keep- 
ing with  the  idea  of  the  early  development  of  the  Cincinnati  anticline 
that  these  two  formations  should  thicken  toward  the  anticline. 

The  Waldron  shale  is  nearly  uniform  in  thickness  from  the  Harpeth 
River  valley  northward.  The  thinning  of  this  formation  along  Duck 
^ river  appears  to  have  no  relation  to  the  Cincinnati  anticline.  The  for- 
mation has  not  been  recognized  at  all  in  the  Tennessee  River  valley. 

Since  the  Louisville  limestone,  in  the  area  investigated,  is  everywhere 
overlaid  unconformably  by  Devonian  rocks,  it  is  impossible  to  determine 
what  were  its  original  variations  in  thickness. 

LX— Bull.  Okol.  Soo.  Am.,  Vol.  12,  1D00 


420      A.  F.  FOBRSTB — LIMESTONES  OF  TENNESSEE  AND  KENTUCKY 

The  only  Silurian  formation  which  varies  considerably,  litholofpcallj, 
is  the  Osgood  bed.  This  changes  from  an  impare  limestone  to  a  clay 
shale  on  approaching  the  northeastern  part  of  the  area  ander  investiga- 
tion.  In  central  Kentucky  it  appears  as  a  clay  bed  both  west  and  east 
of  the  anticline,  the  thickest  exposures  being  east  of  the  same.  If  this 
is  due  to  the  presence  of  the  anticline  in  Osgood  times,  the  evidence  is 
not  clear.  Studies  of  the  Osgood  bed  in  central  Kentucky  (not  yet  pub- 
lished) indicate  that  the  Osgood  formation  once  extended  entirely  across 
the  fold  in  that  area. 

Professor  SaffortTa  obsefvatunis, — ^Since  the  area  under  investigation 
in  Tennessee  was  studied  by  Professor  Safford  during  many  years  and 
he  never  seems  to  have  changed  his  opinions  from  those  first  expressed 
in  his  Geology  of  Tennessee  (1869),  the  few  references  in  his  book  to 
the  problem  of  the  Cincinnati  anticline  are  here  quoted :  * 

"  By  far  the  most  important  elevation  of  the  strata  in  middle  Tennessee  was  the 
wide  dome,  the  decapitation  and  denudation  of  which  have  given  us  the  Central 
basin. 

*'Thi8  dome-like  elevation  of  middle  Tennessee  is  sometimes  aasociated  with  t 
similar  elevation  of  strata  further  north,  within  an  area  divided  among  the  statea 
of  Kentucky,  Ohio,  and  Indiana.  The  city  of  Cincinnati  is  about  the  center  of 
this  area.  The  elevation  in  Tennessee  and  that  in  the  Cincinnati  area  doubtless 
occurred  at  the  same  time,  and  are  perhaps  parts  of  a  single  line  or  axis  of  eleva- 
tion eztendinf^  from  Tennessee  to  Ohio.  The  elevation,  however,  was  greater  in 
the  Cincinnati  and  Tennessee  parts  than  in  the  intermediate  portion.  This  line  of 
elevation  is  sometimes  called  the  Cincinnati  axis. 

"Alon^  the  eastern  escarpment  of  the  Central  basin,  from  the  Kentucky  nearly 
to  the  Alabama  line,  the  Black  shale  rests  on  the  Nashville  formation,  withoot 
any  intervening  rock. 

"  On  the  western  escarpment  this  is  also  the  case  at  a  few  points,  but  generally 
a  Niagara  bed  has  appeared  to  separate  the  two,  bearing  above  it  here  and  there 
a  trace  of  the  Lower  Uelderberg.  The  Niagara  and  Helderberg  strata  are  uncon- 
formable to  the  Nashville,  and  never  covered  the  dome  of  the  basin." 

Professor  Safford  was  of  the  opinion  that  the  Clinton  did  not  occur 
on  the  western  side  of  the  anticline.  All  of  the  Silurian  formations 
discussed  in  this  paper  were  referred  by  him  to  the  Niagara.  His  type 
sections  are  found  along  the  valley  of  the  Tennessee  river,  in  western 
Tennessee,  and  since  in  that  region  the  sponge  Astrseosponffia  meniscus 
occurs  in  considerable  abundance  in  the  equivalent  of  the  Louisville 
formation,  he  applied  the  name  *'  Meniscus  limestone ''  to  the  entire 
series.  This  will  explain  why  the  most  eastern  outcrops  of  Silurian 
rocks  west  of  the  anticline  are  referred  by  him  to  the  Meniscus  lime- 
stone rather  than  to  the  *'  Dyestone  group,"  Safford 's  name  for  the 

*  Pages  148  and  291. 
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Clinton  of  eastern  Tennessee.    This  will  make  clear  also  the  following 
qaotations :  * 

**  Upon  entering  the  Central  hasin  from  the  east,  the  featheredge  of  the  Meniacua 
Umefltone  is  met  with  on  the  northern  side,  in  Macon  coanty,  and  on  the  southern, 
in  Lincoln,  and  in  the  southwestern  part  of  Bedford. 

"  The  (Meniscus)  series  is  divided  into  two  nearly  equal  members,  the  sponge- 
bearing  bed  above  and  the  variegated  bed  below. 

"  It  is  the  upper  member  of  the  Meniscus  formation,  for  the  most  part,  that  ap- 
pears on  the  slopes  of  the  Central  basin ;  the  variegated  bed  presents  itself  mainly 
in  the  Western  valley  and  in  its  ramifications." 

The  sponge  referred  to  is  the  Astrseogpongia  meniscus. 

It  is  evident  that  Professor  Safford  was  of  the  opinion  that  the  Cin- 
cinnati anticline  was  in  existence  already  in  Silurian  times,  since  he 
states  that  the  Niagara  and  Lower  Helderberg  are  unconformable  to  the 
Nashville  beds,  although  he  nowhere  offers  any  reason  for  believing  in 
this  unconformity.  The  problem  of  a  possible  unconformity  between  the 
Ordovician  and  Silurian  still  remains  to  be  solved  by  some  investigator. 

Professor  Safford  appears  also  to  be  of  the  opinion  that  the  upper  beds, 
consisting  of  the  Meniscus  or  sponge-bearing  beds,  overlapped  the  lower 
or  vari^ated  beds,  and  hence  were  more  commonly  exposed  on  the 
western  slopes  of  the  Central  basin.  He  probably  held  the  idea  that 
the  anticline  was  sinking  during  Silurian  times,  and  that  on  this  account 
the  upper  beds  progressively  overlapped  the  lower  ones.  It  may  be 
seen,  however,  from  the  accompanying  map  and  sections,  that  the  equiva- 
lent of  the  sponge-bearing  bed,  the  Louisville  limestone,  is  by  no  means 
as  frequently  exposed,  nor  does  it  extend  as  far  eastward  up  the  anti- 
cline in  its  present  condition  as  the  equivalents  of  the  variegated  beds — 
the  Laurel,  Osgood,  and  Clinton  beds  of  this  paper. 

In  the  Elements  of  the  Geology  of  Tennessee,  by  Professor  Safford  and 
Doctor  Killebrew,  the  name  '*  Cliflon  limestone  "  was  adopted  for  that  of 
the  Meniscus  limestone.  Even  at  the  type  locality  this  limestone  in- 
cludes all  of  the  horizons  from  the  Clinton  to  the  Louisville,  except  the 
Waldron  shale,  which  has  not  been  identified  in  the  western  valley  of 
the  Tennessee  river. 

SILURIAN  EXPOSURES  ON  THE  UPPER  CUMBERLAND,  SOUTHERN  KENTUCKY 

The  eastern  border  of  the  area  along  the  crest  of  the  Cincinnati  anti- 
cline within  which  no  Silurian  rocks  are  preserved  can  not  be  determined 
with  certainty  in  Tennessee,  since  no  outcrops  occur  in  those  regions 
where  this  bqrder  must  be  sought.    It  may  be  located,  however,  east  of 

•Page  313. 
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the  anticline  where  it  crosses  the  upper  waters  of  the  Cumberland  river, 
in  southern  Kentucky. 

While  passing  down  the  Cumberland  river  with  Professor  Arthur  M. 
Miller,  of  the  State  CoUefise  of  Kentucky,  we  found  two  exposures  of 
Silurian  rocks  west  of  Mill  Springs  (figures  6  and  7). 

About  a  quarter  of  a  mile  up  Forbush  creek  a  small  stream  enters 
from  the  north.  Here  15 i  feet  of  Silurian  limestone  occur  below  the 
sandy  layer  at  the  base  of  the  Black  shale.  A  layer  with  large  crinoid 
beads  occurs  21  inches  below  the  top  of  this  limestone,  and  north  of  the 
mouth  of  Forbush  creek,  near  the 
house  of  William  Richardson,  the 
same  layer  is  found,  including 
WhUfiddella  q^lindrica^  variety  sub- 
quadrata. 

At  the  mouth  of  Little  Cub  creek 
the  Ordovician  is  overlaid  by  Silu- 
rian limestone,  with  clayey  shales 
farther  up.  The  limestone  at  the 
base  is  19  feet  thick.  The  layer 
with  large  crinoid  beads  and  Whit- 
fiddeUa  cylindrical  variety  suhgtuid- 
rata,  occurs  Si  feet  below  the  top 

of  this  limestone.  Overlying  the 
limestone  are  2i  feet  of  greenish 

clayey  shale,  2  feet  of  clayey  lime- 
stone, and  an  interval  of  9  feet 
probably  occupied  entirely  by 
greenish  clayey  shale. 

At  both  localities  the  large  crinoid  beads  belonged  originally  to  the 
Clinton.  The  Clinton  was  probably  eroded,  and  the  crinoid  beads  were 
accumulated  in  the  residual  beds.  The  Whitfieldella  associated  in  the 
same  bed  is  a  characteristic  form  of  the  Osgood  bed.  It  differs  from  the 
typical  forms  of  Whitfieldella  cylviidrica  only  in  its  more  grandrangular 
outline  and  its  less  sinuate  anterior  margin.  The  limestone  below  the 
Whitfieldella  layer  is  referred  to  the  Clinton.  The  limestones  and  clays 
above  the  crinoid  bed  are  referred  to  the  Osgood.  The  subject  has  been 
more  fully  studied  in  corresponding  beds  in  central  Kentucky,  east  of 
the  anticline. 

Outcrops  of  Clinton  limestone  and  of  the  Whitfieldella  layer  frequently 
contain  little  pockets  of  oil  in  the  southwestern  part  of  Madison  county, 
Kentucky,  and  at  various  points  northward.  According  to  Professor 
Miller,  it  seems  that  the  source  of  the  oil  in  fiath  and  Rowan  counties. 
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FiQUEK  l.—Seetiona  of  Chattanooga  Black  Shale 
and  Silurian  Rocks. 

Along  Cumberland  river,  Kentucky. 
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near  Salt  Lick,  along  the  Licking  river,  is  in  the  horizon  of  the  Clintoo 
limestone  and  the  immediately  overlying  Osgood  rock. 

Devonian  Forhatio>'b 
dsposias  limb8t0nb  absent  aloso  cumbsrlasd  bivbr,  kbstucet 

The  Devonian  limestone  ia  absent  along  the  Cnmberiand  river,  and 
for  some  distance  northward  in  central  Kentucky. 

The  most  southern  outcrops  of  the  Devonian  rock  in  Kentucky  ex- 
tend to  within  about  10  miles  of  the  westward  course  of  the  GreeD 
river  across  the  crest  of  the  Cincinnati  anticline  (figures  6  and  S). 


Fisnu  S,-~Soiit)itm  Limit  of  Dm 
This  iketch  m>p  ahowa  the  mpproIimiiM  aODti 
region  ol  tlis  ClnclnniiM  >i 

It  is  absent  north  and  northeast  of  Liberty  and  along  the  valley  of  the 
Cumberland  river  in  Kentucky.  It  is  probably  absent  also  along  that 
part  of  the  Cumberland  river  which  passes  through  Tennessee,  although 
this  region  has  not  been  investigated  east  of  Lafayette.  A  doubtful  rock 
occurs  at  the  S.  R.  Wood  locality  (figure  1,  locality  2)  west  of  Lafayette, 
and  10  miles  north  of  Hartsville.  The  base  of  the  fissile  Black  shale 
is  here  underlaid  by  6  to  16  inches  of  dark,  earthy  rock.  The  upper 
half  of  this  rock  is  phosphatic,  and  the  lower  half  includes  numerouB 
fragments  of  silicified  brachiopods  and  crinoid  steins.  Crinoidal  ma- 
terial occurs  also  at  the  base  of  the  Black  shale  at  ^he  Gap  of  the  Ridge, 
less  than  two  miles  eastward.  Since  it^was  impossible  to  determine  th^ 
specific  identity  of  any  of  this  fossiliferouB  material  it  is  impossible  to 
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state  definitely  whether  it  is  residual  Ordovician  material  taken  up  iuto 
the  base  of  the  Black  shale  or  Devonian  material  poorly  preserved. 

It  probably,  however,  corresponds  with  the  millstone  rock  of  Professor 
Safford,  and  this  is  said  by  him  to  contain  Nashville  (Ordovician) 
fossils.  In  that  case  it  is  probably  residual  material  included  in  the 
base  of  the  Chattanooga  Black  shale. 

The  following  lines,  copied  from  the  report  of  Professor  Safford,*  give 
his  account  of  the  millstone  rock : 

'*  In  Samner  coanty,  a  few  miles  north  of  Hartsville,  immediately  below  the 
Black  shale,  is  a  bed,  from  which  mUUUmes  were  formerly  extensively  manufact- 
ured. This  bed  is  a  mass  of  shells,  closely  packed,  and  silicified.  The  bed  is 
several  feet  thick,  and  contains  Nashville  species.  The  shells  are  so  packed  as  to 
make  the  rock,  in  due  degree,  cellular.  The  weathered  portions,  near  the  out- 
crop, are  preferred,  for  the  reason  that,  within,  the  spaces  between  the  shells  are 
filled  with  calcareous  matter,  which,  by  exposure,  is  leached  out.  The  millstones 
manufactured  here,  were  highly  esteemed.  I  do  not  know  that  any  have  been 
made  of  late  years  (1869)." 

THE  PEQBAM  LIMBSTONB 

In  the  valley  of  the  Harpeth  river  (figures  1  and  2),  between  Newsom 
and  the  bridge  west  of  Pegram,  all  exposures  of  the  Louisville  formation 
are  overlaid  by  Devonian  limestone — the  Pegram  limestone. 

Its  thickness  increases  toward  the  west.  At  Newsom  (locality  12) 
it  is  3  feet  thick.  Blocks  of  this  stone  occur  west  of  the  quarry  nearest 
the  station,  above  a  negro  hut  on  the  south  face  of  the  hill  (plate  40, 
figures  1  and  2).  It  occurs  also  three-quarters  of  a  mile  west  of  Foster 
and  Creighton  switch,  along  the  river  southeast  of  Sam  Walker^s  house. 
Near  the  eastern  end  of  the  bluff,  the  Laurel,  Waldron  and  Louisville 
beds  are  well  exposed.  Overlying  the  latter  is  the  Devonian  limestone, 
5  feet  thick,  covered  at  some  points  by  4  inches  of  sandstone  or  of  sandy 
limestone  (locality  10). 

Possibly  the  3  inches  of  sandy  rock  at  the  top  of  the  Laurel  lime- 
stone south  of  Johnson  V.  Linton's  house  (locality  15)  belong  to  this 
horizon. 

At  the  bridge  a  mile  and  a  half  west  of  Pegram  (locality  9)  the'  De- 
vonian limestone  is  8  feet  thick  at  the  most  eastern  exposure  along  the 
railroad  (plate  41,  figures  1  and  2).  At  its  most  western  exposure,  in 
the  quarry  north  of  the  railroad,  the  total  thickness  is  12  feet.  The 
upper  6  inches  of  the  white  Devonian  limestone  contain  small  black 
pebbles,  usually  less  than  half  an  inch  thick.  Similar  pebbles  occur  at 
the  top  of  the  Devonian  limestone  in  many  parts  of  southern  Indiana 
and  Kentucky. 

*  Page  283. 
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The  Devonian  limestone  in  the  Harpeth  River  region  is  usually  very 
white  and  crystalline.  At  the  bridge  west  of  Pegram  this  white  lime- 
stone is  overlaid  by  6  to  12  inches  of  dark  earthy  rock,  and  above  this 
lies  the  Black  shale.  The  white  limestone  seems  to  pass  gradually  into 
this  earthy  rock.  Camarotoschia  earolinay  TVopidolepiua  carinatuSj  and 
Spirifer  pennatus  have  so  far  been  found  only  in  the  earthy  layer.  Nudeo- 
crinns  veiyietdi  occurs  at  various  levels  in  the  white  limestone.  The  other 
fossils  mentioned  in  the  list  given  at  the  close  of  this  paper  (see  page 
437)  are  found  near  the  top  of  the  white  limestone.  As  far  as  maybe 
determined  at  present,  the  top  of  the  Pegram  limestone  corresponds  to 
the  Sellersburg  limestone  of  Indiana,  and  to  the  Hamilton  of  New  York, 
while  the  lower  part  indicates  at  least  one  characteristic  Corniferous  fossil. 

In  central  and  northern  Kentucky  the  Devonian  limestone  rests  on 
successively  higher  subdivisions  of  the  Silurian,  on  ascending  the  fl&nks 
of  the  anticline.  In  the  Harpeth  River  region  of  Tennessee  it  is  known 
only  where  resting  on  the  I^uisville  limestone,  but  it  appears  to  rest  on 
lower  beds  of  this  limestone  at  Newsom  and  Sam  Walker's  than  at  the 
bridge  west  of  Pegram,  as  far  as  can  be  judged  by  the  absence,  at  the 
eastern  localities,  of  the  fossiliferous  Ix)uisville  beds  discovered  near 
the  bridge. 

THE  CHATTANOOGA  BLACK  8H A  LB 

« 

VnriatioiiB  in  thickness, — Although  the  Devonian  limestone  of  Kentucky 
thins  out  and  disappears  a  short  distance  south  of  the  central  part  of 
the  state,  an  equivalent  of  this  limestone  is  known  in  Tennessee,  but  it 
has  so  far  been  found  only  in  one  limited  area — ^in  the  valley  of  the 
Harpeth  river. 

The  Black  shale,  however,  has  a  much  more  general  distribution. 
Although  the  Black  shale  also  thins  out  southward,  it  disappears  en- 
tirely at  but  few  points. 

Along  the  valley  of  the  Cumberland  river,  between  Mill  Springs  and 
Burksville  (figures  6  and  7),  the  Black  shale  decreases  from  40  to  less 
than  35  feet.  West  of  Lafayette,  in  northern  Tennessee,  the  thickness 
varies  usually  between  25  and  30  feet,  but  the  thickness  is  much  less 
constant  here  than  east  of  Burksville.  At  the  spring  southeast  of  La- 
fayette, for  instance,  the  Black  shale  is  only  13  feet  thick,  and  west  of 
Whites  Bend,  as  already  noted,  it  is  reduced  to  4  feet,  and  at  a  number 
of  points  is  entirely  absent. 

Along  the  Harpeth  river,  west  of  Newsom,  the  Black  shale  is  20  feet 
thick.  South  of  this  river  most  exposures  seem  to  vary  between  5  and  8 
feet.  At  numerous  points  in  southern  Maury  county,  in  Lewis  county, 
and  in  northern  Giles  county  the  Black  shale  is  only  12  to  15  inches 
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thick.    At  some  points  in  these  counties  the  Black  shale  is  entirely 
absent    One  of  these  localities  is  that  mentioned  by  Professor  SaflFord :  * 

*'At  the  foot  of  the  '  big  hill,'  five  miles  from  (southwest  of)  Mount  Pleasant,  on 
the  Waynesboro  road.  Here  the  siliceous  cherty  layers  [VVaverly]  rest  directly  on 
the  Nashville  rocks  [OrdovicianJ,  and  all  intervening  formations  being  absent" 

Sandy  and  earUiy  layers  at  base  of  Black  shale, — At  the  most  eastern 
exposures  on  the  Cumberland  river,  in  Kentucky,  a  3-inch  layer  of  sandy 
rock  occurs  at  the  base  of  the  Black  Shale  section.  This  layer  may  be 
traced  westward  down  the  river;  and  is  phosphatip.  Between  Rowena 
and  Creelsboro  that  part  of  the  formation  which  immediately  overlies 
the  basal  sandy  layer  is  more  earthy  and  less  shaly.  Its  thickness 
varies  usually  between  2  and  3  feet,  but  thicknesses  of  even  6  feet  are 
locally  recorded.  Instead  of  this  brownish  rock,  a  greenish,  more  shaly 
rock  appears  at  various  points  between  Swan  Bottom  and  Burksville. 
Sometimes  only  the  lower  part  of  the  brownish  rock  is  replaced  by  the 
greenish,  more  clayey  layers.  Since  both  the  brownish  rock  and  the 
greenish,  more  clayey  rock  weather  away  more  readily  than  the  over- 
lying Black  shale,  the  base  of  the  Black  Shale  sections  exposed  by  the 
steep  cliffs  along  the  Cumberland  usually  recedes  a  little. 

In  Tennessee  both  the  sandy  layer  and  the  brown,  more  earthy  layers 
at  the  base  of  the  Black  Shale  section  occur.  The  brown  layers,  break- 
ing up  into  irregular  fragments,  are  well  seen  in  the  South  Tunnel  and 
Pegram  sections.  The  sandy  layer  is  seen  also  near  John  SuelPs  house, 
west  of  Whites  Bend,  in  the  quarry  near  the  road.  Along  the  hillside 
southwest  of  Newsom  station  this  sandy  layer  is  fossiliferous.  At  many 
points  in  Maury  county  it  contains  minute  gasteropods  resembling 
forms  (^Microceraa  and  Oyclora)  found  in  Ordovician  rocks. 

PfvMfphaiic  character  of  ha^e  of  Black  shale, — At  many  points  south  of 
the  Cumberland  river,  a  dark  blue,  fine  grained,  very  phosphatic  rock 
takes  the  place  of  part  or  all  of  the  brownish  rock  occurring  at  the  base 
of  the  Black  shale  in  the  Cumberland  River  sections  of  Kentucky.  At 
the  bridge  west  of  Pegram  there  are  only  8  feet  of  the  typical  fissile 
black  shales,  and  these  are  overlaid  by  the  nodules  which  mark  the  top 
of  the  Black  Shale  formation  at  so  many  points  in  Kentucky  and  Ten- 
nessee. Beneath  these  shales  are  found  11  feet  of  more  earthy  rock, 
breaking  up  into  irreguljJr  fragments.  At  the  base  are  14  inches  of  dark, 
fine  grained  phosphatic  rock — the  "  black  phosphate  "  of  southern  Ten- 
nessee.f  This  is  the  most  northern  recorded  occurrence  of  the  typical 
phosphate  rock.    It  contains  numerous  specimens  of  lAngula  spatxdata. 

•Page  332. 

t  Charles  Willard  Hayes  :  The  Tennessee  Phosphates.   17th  Ann.  Rept.  U.  S.  Oeol.  Surrey,  1896. 

LXI— Bull.  Oboi.  Soc.  Am.,  Vol.  12,  1900 
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The  phosphate  rock  varies  considerably  in  thickness,  even  in  localities 
in  the  same  neighborhood.  In  a  general  way  it  increases  toward  the 
southwest,  and  was,  until  very  recently,  quarried  at  many  points  in 
Hickman  and  Perry  counties.  It  appears  to  take  the  place,  at  some 
points,  not  only  of  the  earthy  brown  beds  at  the  base  of  the  fissile  black 
shales,  but  even  of  the  fissile  shales  themselves.  This,  according  to 
Professor  Safiford,  is  especially  true  of  some  of  the  exposures  in  Hardin 
and  Wayne  counties.  .  It  should  be  remembered,  however,  that  the 
fissile  black  shales  diminish  considerably  in  thickness  in  southern  Ten- 
nessee, irrespective  of  any  change  in  thickness  in  the  phosphate  rock. 

North  of  Mount  Pleasant  the  nodules  at  the  top  of  the  Black  Shale  sec- 
tion are  found  12  inches  above  the  coarse  sandstone  which  forms  the  base. 
This  leaves  only  a  thickness  of  one  foot  for  the  fissile  black  shales.  Half 
a  mile  northeast  of  Lynnville  the  fissile  black  shales  do  not  exceed  1 
foot  in  thickness.  At  Dodsons  station,  north  of  Lynnville,  the  fissile 
shales  are  12  to  15  inches  thick,  and  at  one  locality  west  of  the  station 
are  underlaid  by  a  little  sandy  phosphatic  rock. 

Erosion  of  Black  shale  during  early  deposition  of  the  Waverly. — South  of 
Rockdale  the  upper  part  of  the  fissile  black  shale  loses  its  fissile  char- 
acter. For  instance,  half  a  mile  above  the  Oliver  Williams  house,  in 
the  Cook  hollow,  the  base  of  the  Black  shale  consists  of  coarsely  sandy 
rock  overlaid  by  28  inches  of  phosphate  rock,  2  feet  of  fissile  black 
shale,  and  3  to  4  feet  of  much  less  fissile  shale,  black  below,  becoming 
greenish  toward  the  top.  Half  a  mile  up  the  old  Saw  Mill  hollow,  also 
called  the  Rattlesnake  hollow,  the  conglomeritic  sandstone,  6  inches 
thick  at  the  base  of  the  section,  is  overlaid  by  16  inches  of  dark  phos- 
phate rock ;  the  fissile  shales  are  absent ;  immediately  above  the  phos- 
phate rock  occur  3  feet  of  a  very  fine-grained  rock,  not  fissile,  containing 
traces  of  Chonetes  and  of  other  fossils.  In  the  gully  southeast  of  the 
Oliver  Williams  house  the  base  of  the  section  consists  of  a  dark,  sandy, 
partly  conglomeratic  rock  18  inches  thick.  Both  the  Black  shale  and 
phos{)hate  rock  are  absent.  Immediately  above  the  conglomeratic  rock 
occur  11  inches  of  light  green  clayey  rock  containing  purple  brown 
phosphatic  material,  both  in  the  form  of  small,  irregular  particles  and 
of  nodules.  Above  this  are  found  8  inches  of  crinoidal,  greenish  rock, 
with  fish  teeth.  At  the  "  Big  hill,"  immediately  westward,  on  the  road 
to  Waynesboro,  the  entire  Black  Shale  section  is  absent. 

The  purple  brown  phosphatic  material  found  immediately  above  the 
conglomeratic,  sandy  rock  at  the  Oliver  Williams  locality  resembles 
the  material  forming  the  phosphatic  nodules  at  the  top  of  the  Black 
Shale  section  in  most  parts  of  Tennessee  and  Kentucky.  The  fish  teeth 
appear  to  belong  to  the  same  horizon  as  the  bed  from  which  the  phos- 
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phatic  material  was  obtained.  The  greenish  clay  material,  however, 
belongs  to  the  Waverly  horizon,  so  that  the  base  of  the  Waverly  appears 
to  contain  material  derived  from  the  eroded  top  of  the  Black  Shale  bed. 
The  crinoidal  material  is  unquestionably  of  Waverly  age.  The  fine- 
grained but  not  fissile  rock  in  the  old  Saw  Mill  hollow  may  also  be  of 
Waverly  age,  since  species  of  Choneteaof  the  same  general  form  are 
rather  common  at  the  base  of  the  Waverly  section  in  the  northern  part 
of  Giles  county.  The  dark  color  of  the  rock  may  be  due  to  carbonaceous 
material  received  from  the  denuded  Black  shale  of  this  area,  while 
the  more  sandy  character  may  be  due  to  material  washed  in  from  some 
other  source  by  the  Waverly  sea.  The  gradual  passage  of  the  black  rock 
upward  into  the  greenish  rock,  as  already  described,  is  also  favorable  to 
the  view  that  the  black  rock,  without  good  fissile  cleavage,  may  be  of 
Waverly  origin.  In  case  these  observations  are  correct,  the  absence  of 
the  Black  shale  at  the  ''  Big  hill  ^'  may  be  due,  not  to  original  lack  of 
deposition,  but  to  subsequent  erosion. 

Cause  of  thinness  of  Black  shale  in  soutliem  Tennessee. — So  far  as  may  be 
determined  from  the  sections  studied,  the  Black  shale  diminishes  in 
thickness  on  passing  from  the  most  eastern  exposures  on  the  Cumber- 
land river  southwestward  to  the  Harpeth  River  region  of  Tennessee. 
Southwest  of  *the  latter  stream  this  diminution  is  even  more  consider- 
able and  is  quite  general.  An  entire  absence  of  Black  shale  is  noticed 
not  only  at  the  Big  Hill  section  in  the  southern  part  of  Maury  county, 
but  also  at  various  points  in  the  eastern  part  of  Lewis  county,  along 
Helm  fork,  Bell  branch,  and  northwest  of  Lucerne. 

A  study  of  the  Silurian-Devonian  unconformity  in  Tennessee  indi- 
cates that  the  Cincinnati  antictine  had  begun  its  development  before  the 
deposition  of  the  Black  shale.  Its  trend  may  be  determined  across  the 
central  part  of  the  state.  At  its  southern  end  it  appears  to  have  turned 
more  distinctly  westward,  and  it  is  at  this  southern  end  of  the  Cincin- 
nati anticline  that  the  thinnest  sections  of  the  Black  shale  or  the  cases 
of  its  entire  absence  occur.  The  question  may  therefore  be  raised 
whether  this  thinning  of  the  Black  Shale  section  in  southern  Tennessee 
is  due  to  a  marked  development  of  the  southern  end  of  the  Cincinnati 
anticline  at  the  time  of  the  deposition  of  the  Black  shale  and  the  base 
of  the  Waverly. 

Source  of  the  detrital  material  at  base  of  Black  shale, — There  is  also  an 
increase  in  the  coarseness  and  often  in  the  thickness  of  the  sandy  and 
earthy  material  at  the  base  of  the  Black  Shale  section  on  passing  from 
the  most  northeastern  localities  along  the  Cumberland  to  regions  west 
of  the  anticline  in  southern  Tennessee.  This  coarseness  becomes  suffi- 
cient in  many  parts  of  Maury  and  Hickman  counties  to  form  a  sort  of 
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conglomerate.    Thu  suggests  a  southern  source  for  the  sandy  and  con- 
glomeratic material. 

CA  USE  OP  EROSION  SHOWS  A  T  THE  SILURIAN-DEVOSIAN  CONTACT 

In  the  preceding  pages  it  has  been  shown  that  the  Devonian  limestone 
and,  especially,  the  Devonian  Black  shale  rest  on  the  inclined  edges  of 
the  various  Silurian  fonnations.  Reasons  have  been  given  favoring  the 
view  that  these  subdivisions  once  extended  much  farther  up  the  flanks 
of  the  anticline,  but  were  eroded  before  the  deposition  of  the  Black  shale 
and  of  the  Devonian  limestone.  It  would  be  interesting  to  know  whether 
this  erosion  was  due  to  marine  or  subaerial  causes.  The  number  of  facts 
known  at  present  is  inadequate  to  determine  this  matter.  The  Devonian 
limestones  are  of  marine  origin,  and  their  basal  layers  in  Kentucky  and 
Tennessee  are  not  known  to  give  any  indication  of  residual  soils  or  any 
other  evidence  of  land  conditions.  Since  the  Silurian-Devonian  erosion 
must  have  taken  place  before  the  deposition  of  the  Devonian  limestones 
of  Kentucky  and  Tennessee,  the  general  absence  of  evidence  of  subaerial 
erosion  at  the  base  of  the  Devonian  limestone  is  important,  although  the 
general  absence  of  marine  rocks  between  the  Louisville  limestone  and 
the  middle  Devonian  limestone  along  the  flanks  of  the  anticline  slightly 
favors  the  view  that  land  conditions  were  present  * 

In  the  case  of  the  Black  shale,  the  evidence  of  land  conditions  or  of 
fresh-water  conditions  is  more  favorable.  At  many  points  through  its 
entire  extent  it  has  retained  remains  of  land  plants.  Its  strongly  car- 
bonaceous character,  which  gives  rise  to  the  black  color  of  the  shale,  does 
not  necessarily  indicate  the  presence  of  land  plants,  although  the  pre- 
sumptive evidence  is  in  favor  of  this  view.  At  various  localities  the  re- 
mains of  animals  have  been  preserved  in  this  shale.  Some  of  the  brachio- 
pods,  such  as  species  of  Lingula,  Barriosella^  SchizoboluSy  and  Orbiculoidea 
may  have  lived  in  brackish  waters,  and  these  are  the  forms  usually  found 
in  Kentucky  and  Tennessee.  They  occur  usually  only  near  the  base  of 
the  formation,  but  in  northern  Indiana  near  Delphi,  an  undoubted  marine 
fauna,  including  species  of  Goniatiles  and  Orthoceraa  has  been  discovered 
by  Mr  E.  M.  Kindle.  This  fauna  occurs  within  20  feet  of  the  base  of 
the  Black  shale.  This  is  quite  near  the  base  when  the  total  thickne© 
of  the  Black  Shale  deposits  of  northern  Indiana  is  considered.  As  a  rule, 
however,  it  may  be  stated  that  evidences  of  marine  life  are  absent  in  the 
Black  shale  except  at  the  base. 

The  base  of  the  Black  shale  is  often  decidedly  earthy  and  is  often  also 
phosphatic.  It  is  well  known  that  the  base  of  Black  shale  is  in  many  parte 
of  southern  Tennessee  sufficiently  phosphatic  to  be  worked  as  a  phos- 
phate rock.     One  of  the  theories  of  the  accumulation  of  the  phosphatic 
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material  at  this  horizofa  is  that  it  was  derived  from  the  phosphatic  ma- 
terial included  in  the  shells  of  the  underlying  Silurian  and  Ordovician 
rocks;  that  it  is  an  accumulation  in  one  sense  of  residual  material. 

This  sandy  base  of  the  Black  shale  occasionally  incloses  fossils  de- 
rived from  the  underlying  formations.  The  sandy  material  itself  is  prob- 
ably of  residual  origin.  It  may  represent  a  residual  soil,  but  the  evi- 
dence is  again  inconclusive. 

The  fissile  black  shale  is  composed  of  particles  so  light  that  they  could 
have  easily  been  blown  by  the  wind.  The  remarkably  fine-grained 
character  of  the  fissile  shales,  the  entire  absence  of  coarser  material  ex- 
cept at  their  base,  and  their  remarkably  wide  geographical  distribution 
suggest  that  they  may  possibly  consist  of  wind-blown  particles,  derived 
perhaps  from  many  strata,  from  points  far  distant  from  one  another. 
The  absence  of  coarser  detrital  material  suggests  that  the  region  of  depo- 
sition was  practically  flat  The  preservation  of  fragments  of  land  plants 
indicates  that  it  was  probably  a  region  of  marshes.  It  may  be  imagined 
that  the  same  particles  traveled  in  many  directions  before  finding  a  final 
lodgment.  Marshes  at  one  point  may  have  dried  up  and  the  material 
accumulated  in  it  may  have  again  turned  into  dust,  thus  permitting  the 
frequent  shifting  by  the  wind  of  the  materials  which  now  form  the  shale. 

While  all  this  may  be  readily  enough  imagined,  it  must  not  be  for- 
gotten that  very  few  facts  have  so  far  been  collected  which  have  any 
bearing  upon  the  solution  of  the  problems  involved. 

Ordovician — Richmond  Group 
general  relationships 

Observations  on  Silurian  rocks  so  far  made  in  Kentucky  and  Ten- 
nessee indicate  that  the  Cincinnati  anticline  was  in  Existence  before  the 
deposition  of  the  Devonian  limestone  (Corniferous  and  Hamilton)  and 
of  the  Black  shale  (Genesee  and  Portage),  but  do  not  give  indubitable 
evidence  of  the  existence  of  this  fold  in  early  Silurian  times.  It  has 
been  believed  by  some  that  the  conglomerate  in  the  Clinton  near  Belfast, 
in  Highland  county,  Ohio,  indicates  the  presence  of  this  fold,  or  at  least 
a  beginning  of  its  development,  in  late  Ordovician  or  in  early  Silurian 
times.  At  one  time  the  materials  of  this  conglomerate  were  believed  to 
have  been  derived  from  the  Ordovician,  but  it  is  now  known  that  they 
were  derived  from  the  immediately  underlying  beds  belonging  to  the 
middle  and  upper  parts  of  the  Clinton. 

It  is  possible  that  a  detailed  study  of  the  Ordovician  formations  in 
the  areas  now  occupied  by  the  Cincinnati  anticline  may  demonstrate  a 
development  of  this  fold  in  times  even  as  early  as  the  Ordovician.    So 
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far  studies  iu  this  field  have  been  chiefly  of  a  paleontological  nature. 
The  following  notes  are  offered  as  a  slight  contribution  to  the  subject: 

THB  LBIPBBS  CREEK  BSD,  TSSNE8SBB 

In  the  adjacent  parts  of  Ohio,  Indiana,  and  Kentucky  the  Richmond 
group  is  about  300  feet  thick.  Southward  it  becomes  rapidly  thinner, 
and  was  once  believed  to  be  entirely  absent  in  central  Tennessee.^ 

In  the  summer  of  1899,  while  investigating  the  Silurian  rocks  of  licipers 
creek,  in  Maury  county,  Tennessee,  the  writer  collected  fossils  from  a 
rock  which  appears  so  different,  lithologically,  from  the  ordinary  Ordo- 
vician  rock  of  this  region  that  it  received  special  attention  in  a  separate 
paragraph  in  the  Geology  of  Tennessee  by  Professor  Safford.f 

"  On  Leipers  creek,  at  the  *  Oil  Spring'  (Tom  Fox  locality  of  this  paper,  18),  in 
Manry  county,  and  about  half  a  mile  below  the  Williamson  line  is  another  bed  of 
marble.  This  is  a  gray  crinoidal,  and  coralline  rock,  spotted  with  red,  and  having 
a  flesh-colored  appearance.  Associated  with  it  are  other  layers,  with  red,  gray, 
and  green  colors.  Slabs  cut  from  these  rocks  and  polished  present  a  handsome 
appearance.  The  main  bed  is  ten  feet  thick,  and  quite  massive.  This  marble  is 
at  the  top  of  the  Nashville  formation,  and  is  followed,  in  ascending  order,  by  the 
Niagara,  which  is  here  50  feet  thick ;  and  this,  again,  by  Black  shale,  S  feet,  above 
which  is  about  60  feet  of  the  rocks  of  the  silicious  formation." 

This  so-called  marble  bed  is  well  exposed  northward  for  about  a  quar- 
ter of  a  mile,  as  far  as  the  house  of  Carol  Litton.  Here  it  is  seen  to  be 
overlaid  by  thin  Ordovician  clay  shale. 

The  marble  bed  is  also  exposed  at  numerous  points  southward.  It 
occurs  a  short  distance  northeast  of  Elam's  store,  about  half  a  mile  from 
Fly,  forming  the  bed  of  the  creek.  It  is  here  a  salmqn-brown  rock,  about 
6  feet  thick.  It  is  overlaid  by  1  foot  of  blue  clay,  1  foot  of  limestone, 
weathered  into  thin  pieces  at  the  top,  and  4i  feet  of  clayey  material,  all 
containing  Ordovician  fossils.  Immediately  above  is  the  base  of  the 
Clinton,  consisting  of  a  white  crinoidal  limestone,  with  Atrypa  nodosiricUa. 
The  bed  is  exposed  north  of  R.  S.  Elam's  house,  a  quarter  of  a  mile  north- 
east of  Fly. 

South  of  Fly  the  bed  rises  above  the  valley  of  the  creek,  and  about  21 
miles  south,  north  of  J.  M.  Gardner's  house,  is  found  near  the  top  of  the 
hill.  The  so-called  marble  layer  is  here  crinoidal,  richly  fossiliferous, 
and  about  9  feet  thick.  It  is  overlaid  by  clayey  beds,  with  Ordovician 
fossils,  and  then  by  the  conglomeratic  layer  at  the  base  of  the  Black  shale* 

The  fossils  collected  from  the  so-called  marble  and  from  the  overlying 
clays  were  recognized  by  Mr  E.  0.  Ulrich  as  Richmond  Group  fossils, 

*  Geology  of  Minnesota,  vol.  iii,  part  ii,  1997,  section  9  in  Introduction, 
t  Page  282. 
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and  as  being  more  strongly  related  to  the  Richmond  Group  fossils  of  the 
northwest,  in  the  Mississippi  valley,  than  to  those  in  Ohio  valley  near 
Cincinnati. 

The  same  layer  is  also  specially  noted  by  Professor  Safiford  in  his  sec- 
tion of  the  rocks  at  Bakers  station  (locality  6)  and  in  one  of  the  following 
paragraphs,  although  the  identity  of  this  bed  with  the  Leipers  Creek 
bed  is  not  established :  * 

"  The  top  of  this  (Nashville  formation)  is  seen  some  distance  below  Bakers  8tati6n. 
The  npper  layer  is  red,  very  ferraginoas  limestone  or  dyestone ;  is  fossiliferous,  and 
8  feet  thick.    Below  this  are  the  usual  Nashville  layers,  highly  fossiliferous. 

"  In  the  section  last  given  a  red,  ferruginous  limestone  occurs.  It  is  called  dye- 
atone  by  those  living  in  the  vicinity,  and  is  nse^  for  dyeing  purposes.  The  bed  is 
here  8  feet  thick.  Some  of  it  appears  rich  enough  to  be  used  as  an  iron  ore.  A  few 
miles  south  or  southwest  of  this  point,  in  Davidson  county,  this  or  a  similar  bed  of 
red  calcareous  rock,  rich  in  iron,  occurs.  The  hills  containing  it  are  of  a  deep  red 
color.  This  rock  resembles  in  some  respects  the  dyestone  of  east  Tennessee.  It 
rests  npon  rocks  of  the  Nashville  formation,  to  which  it  is  referred.  Its  fossils, 
however,  although  having  a  Lower  Silurian  (Ordovician)  aspect,  have  not  been 
carefully  studied,  and  it  may  be  found  necessary  hereafter  to  include  it  in  the 
Niagara  group,  of  which,  in  this  region,  it  would  then  form  the  base.  These  re- 
marks apply  especially  to  the  rock  represented  in  the  section." 

This  layer  is  exposed  just  above  the  spring  at  the  south  end  of  the 
first  large  quavy  southeast  of  Bakers  station.  It  is  there  about  4  feet 
thick,  and  is  immediately  overlaid  by  the  Clinton.  The  fossils  were 
identified  by  Mr  Charles  Schuchert  as  Richmond  Group  fossils.  One  of 
these,  Strophomena  wisconsinerms,  again  recalls  the  northwest  relationship 
of  this  horizon. 

Orthis  proavUa^  found  north  of  R.  S.  Elam's  house,  in  the  clay  shale 
above  the  so-called  marble,  is  another  of  these  northwestern  species.  A 
variety  of  HeberteUa  insculpta  with  very  fine  strise,  Dinorthia  auhqaadraXaj 
and  a  very  typical  variety  of  Platyatrophia  acutUirata  are  found  at  the 
same  locality.  HeberteUa  ocdderUalis  is  rather  common  in  the  clay  just 
beneath  the  Clinton  near  Carol  Litton^s  house.    The  fauna  is  quite  varied. 

The  Leipers  Creek  bed,  including  the  limestones  and  clays  carrying 
the  Richmond  Group  fauna,  occurs  also  at  other  points  along  the  western 
side  of  the  Cincinnati  anticline.  Similar  beds  are  found  near  Fernvale 
Springs,  and  a  dyestone  layer  is  said  by  Professor  Safford  to  occur  on  the 
waters  of  Harpeth  river,  in  the  southwestern  part  of  Davidson  county. 
The  fauna  appears  to  be  widely  distributed  in  the  northwestern  part  of 
Maury  county. 

*  Loc.  cit.,  pp.  281,  282. 
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At  Soath  Tunnel  about  8  feet  of  the  layers  near  the  top  of  the  Ordo- 
vician  appear  contorted  (plate  37,  figure  1).  What  produced  this  ap. 
pearance  is  unknown,  the  contortion  affecting  the  middle  parts  of  the 
layers  without  preventing  a  fair  degree  of  evenness  on  their  upper  and 
lower  surfaces.  The  same  appearance  is  noted  in  the  beds  immediately 
beneath  the  Clinton  west  of  Whites  Bend  (plate  39,  figure  1).  A  litho- 
logically  similar  rock  occurs  below  the  4  feet  of  limestone  belonging  to 
the  Ijcipers  Creek  bed  at  Bakers  station.  According  to  this,  the  equiva- 
lents of  the  marble  in  the  I^eipers  Creek  valley  and  of  the  dyestone  at 
Bakers  station  will  not  be  found  at  Whites  Bend  or  at  South  Tunnel. 

4 
THR  CUMBERLAND  SANDSTONE  OP  SOUTHERN  KENTUCKY 

Origin  of  the  name. — A  group  of  nearly  unfossiliferous  rocks  occurs  in 
southern  Kentucky,  beneath  the  Black  shale.  They  extend  from  the 
southwestern  border  of  Pulaski  county  to  the  southern  limits  of  the 
state,  and  were  called  by  Professor  N.  S.  Shaler  the  "  Cumberland  sand- 
stone.'* The  name  sandstone  is  inappropriate,  because  the  rock  varies 
usually  between  a  calcareous  clay  and  a  clayey  limestone.  Since  the 
most  eastern  exposures  of  Ordo vician  rocks  do  not  quite  reach  the  Pu- 
laski county  boundary,  it  is  evident  that  all  practically  unfossiliferous 
beds  were  included  under  this  name. 

These  Cumberland  beds  and  the  underlying  rocks  were  so  much 
folded  and  eroded  previous  to  the  deposition  of  the  Black  shale  that  the 
same  layers  occur  at  different  depths  beneath  the  Black  shale  at  dif- 
ferent localities.  There  has  also  been  much  folding  since  the  deposition 
of  the  Black  shale. 

The  Fowler  liviestone. — Although  the  general  mass  of  the  Cumberland 
bed  is  practically  unfossiliferous,  there  is  one  horizon  at  which  fossils 
are  fairly  constant  for  a  considerable  distance.  On  account  of  iia  ready 
accessibility  east  of  the  store  at  Fowlers  landing,  on  the  side  of  the  hill, 
it  will  prove  convenient  to  refer  to  this  horizon  as  the  Fowler  limestone. 

About  a  mile  above  Burksville,  on  the  south  side  of  the  river,  in 
a  gully  which  rises  steeply  eastward  from  a  spring  at  the  river's  edge, 
the  Fowler  bed  occurs  44  feet  below  the  base  of  the  Black  shale.  At  the 
top  is  a  layer  of  dense  limestone  1  to  1.5  feet  thick.  Below  is  shaly 
bluish  limestone  1  foot,  with  Hebertella  occidentalis,  Plerinea  cfewiwM,  and 
Ischyrodonta  near  eUmgaia,  Beneath  is  a  limestone  layer  with  branching 
bryozoans.     The  bed  occurs  110  feet  above  the  river. 

Just  above  the  mouth  of  Rennix  creek  the  Fowler  bed  occurs  56.5 
feet  below  the  Black  shale.  At  the  top  is  a  dense  limestone  layer  con- 
taining hchyrodonta  near  elongata;  below  are  2  feet  of  dark  shaly  or 
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clayey  limestone  with   Hebertella  occidenialiSj  ByMonychia  rotmsta,  and 
Pterinea  demisaa.    The  bed  occurs  33  feet  above  the  river. 

The  cliffs  immediately  above  Bakertown  landing  show  near  the  top 
several  feet  of  fossiliferous  limestone  belonging  to  the  Fowler  horizon. 
Passing  up  stream  along  the  top  of  the  cliffs,  an  open  field  shows  many 
fragments  of  limestone  from  this  bed,  many  of  which  are  partly  cherty 
and  contain  fossils.  Among  these  Mr  Ulrich  identified  Ischyrodonia^ 
three  iforms,  near  Iruncata^  Isch.  eUmgcUa^  and  lack,  decipiem,  Byssonychia 
robuUa,  Lophospira  bowdeni^  and  Bellerophon  mohri.  The  Black  shale  is 
not  well  exposed,  but  it  seems  to  have  occurred  about  12  feet  above  this 
bed. 

Above  the  mouth  of  Crocus  creek  the  Fowler  bed  appears  to  be  en- 
tirely absent. 

At  Fowler's  landing,  east  of  the  store,  and  above  the  houses  along 
the  road  leading  away  from  the  river,  the  Fowler  bed  occurs  21  feet 
below  the  base  of  the  Black  shale  and  96  feet  above  the  river.  The 
layer  of  limestone  at  the  top  is  very  fossiliferous  and  contains  Hebertella 
occidentcdis^  Pterinea  demisaa,  a  species  of  Orihocercu,  and  fossils  identified 
by  Mr  E.  O.  Ulrich  as  laochiiina  variety  of  eubnodoaa,  Modiolopsis  sp., 
Ischyrodonta  near  Isch,  truncata^  and  Olyptodesma  gibbasa.  About  4  feet  of 
limestone  contain  fossils,  most  of  these  being  found  in  the  top  layer. 

The  Fowler  bed  appears  to  be  absent  at  Rock  House. 

So  far  as  may  be  determined  from  the  few  observations  at  hand,  a 
synclinal  fold  once  affected  the  Ordovician  rocks  in  the  neighborhood 
of  the  localities  here  cited.  Its  trough  appears  to  have  passed  from  the 
strong  bend  of  the  river,  north  of  Burksville,  near  the  mouth  of  Rennix 
creek,  eastward.  The  Fowler  bed  seems  to  have  been  preserved  in  the 
trough  of  this  fold  and  to  have  been  removed  along  the  flanks  on  the 
north  before  the  deposition  of  the  Black  shale. 

Beds  above  the  Fowler  lime8tone.—The  greatest  thickness  of  rock  above 
the  Fowler  bed  occurs  at  the  mouth  of  Rennix  creek,  and  consists  of 
56.5  feet  of  thin-bedded  limestones.  No  fossils  have  so  far  been  found 
in  these  limestones,  but  lithologically  they  bear  no  resemblance  to  the 
Silurian  rocks  on  either  side  of  the  anticline  along  the  Cumberland 
river,  and  are  therefore  considered  as  of  Ordovician  age.  The  name 
Rennix  limestones  may  prove  convenient  for  them. 

Beds  bdow  the  Fowler  limestone. — Below  the  Fowler  bed  are  usually  at 
least  35  feet  within  which  no  fossils  are  known  at  any  point.  They  con- 
sist of  about  15  feet  of  thin-bedded  limestone,  5  feet  of  thicker  limestones, 
frequently  with  chert,  and  15  feet  of  thin-bedded  clayey  rock. 

Beneath  these  unfossiliferous  rocks  occur  a  considerable  thickness  of 
clayey  rocks,  Very  similar  to  those  last  mentioned.    Their  chief  distinc- 
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tion  from  the  preceding  rocks  consists  in  the  fact  that  at  many  localities 
they  become  still  more  calcareous,  owing  to  the  presence  of  numerous 
fossils,  chiefly  large  forms  of  Plnty$trophia  lynx  And  occasional  specimens 
of  HeberieUa  occidenUilis,  At  other  localities,  however,  these  fossils  do  not 
occur  in  the  upper  parts  of  these  calcareous  clays,  or  at  least  occur  but 
rarely,  and  are  difficult  to  And.  Since  these  beds  form  the  main  parts 
of  the  Ordovician  exposures  as  far  east  as  Thomas  branch,  often  forming 
3teep  clifib,  notwithstanding  their  clayey  character,  it  is  practically  cer- 
tain that  at  least  the  unfossiliferous  parts  of  those  calcareous  clays  were 
included  in  the  original  Cumberland  sandstone  section. 

The  richly  fossiliferous  blue  Ordovician  limestones,  which  are  often 
present  in  considerable  thickness  in  the  Cumberland  River  valley,  seem 
to  belong  about  100  feet  below  the  Fowler  limestone. 

Equivalency  of  Cumberland  sandalone  and  Madison  bed. — The  fossils  col- 
lected in  the  Fowler  hori/on  belong  to  the  Richmond  group.  Several  of 
them  are  especially  common  near  the  top  of  the  group.  The  same  fos- 
sils and  closely  related  species  have  been  found  in  the  immediate  vicin- 
ity of  Moreland  and  also  at  several  localities  west  of  this  station,  in 
central  Kentucky.  At  these  localities  they  occur  above  a  series  of  clayey 
limestones  which  are  practically  unfossiliferous.  These  clayey  lime- 
stones weather  more  readily  than  the  richly  fossiliferous  blue  limestones 
beneath  or  the  fossiliferous  limestones  above.  They  have  been  traced 
northwestward  as  far  as  the  Ohio  river.  In  the  later  reports  of  the  In- 
diana survey  they  are  called  the  Madison  beds.  There  is  no  doubt  that 
in  southern  Indiana  and  northern  Kentucky  the  Madison  beds  are  merely 
the  upper  unfossiliferous  part  of  the  Richmond  group.  There,  as  well 
as  near  Moreland,  a  few  limestones  with  Richmond  Group  fossils  imme* 
diately  overlie  the.  thicker,  nearly  unfossiliferous  Madison  Bed  section. 

Possibly  a  part  at  least  of  the  unfossiliferous  beds  underlying  the 
Fowler  limestone  along  the  Cumberland  river  belong  to  the  horizon  of 
the  Madison  bed.  At  any  rate,  the  Fowler  limestone  itself  is  of  Richmond 
Group  age  and  the  Richmond  group  is  present  at  the  crest  of  the  anti- 
cline where  it  is  cut  by  the  Cumberland  river. 

If  the  interpretation  of  the  rocks  above  given  is  correct,  it  will  be  seen 
that  the  term  Cumberland  sandstone  includes  a  much  larger  series  of 
rocks  than  the  name  Madison  bed.  The  clayey  rocks,  with  larger  speci- 
mens of  PliUystrophia  lynx^  may  even  belong  to  the  Lorraine. 

EVIDENCE  OF  RICHMOND  OMOUP  ON  AOB  OF  CINCINNATI  ANTICLINE 

So  far  as  present  observations  indicate,  the  Richmond  group  thins 
rapidly  southward,  but  it  remains  to  be  proved  that  it  is  thinner  along 
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the  crest  of  the  anticline  southward  than  on  both  flanks,  or  that  this 
thinning  had  any  connection  with  the  development  of  the  present  fold. 

Lists  of  Fossils 

clinton  fossils  west  of  the  cincinnati  anticline,  in  indiana,  ken- 
tucky and  tennesseb 

In  the  following  list  the  figures  refer  to  the  localities  at  which  the 
foeails  were  found.  No  attempt  has  been  made  at  any  locality  to  get  a 
complete  list  of  all  fossils  present.  Many  specimens  were  found  which 
are  not  given  in  this  list.  Only  those  specimens  of  which  a  record  was 
retained  are  here  included. 

*  The  numbers  for  the  Indiana  localities  are  the  same  as  those  used  on 
the  maps  accompanying  the  Twenty-first  and  Twenty-second  Reports  of 
the  Indiana  Survey.  Since  these  reports  may  still  be  obtained,  no  fur- 
ther description  of  these  localities  is  necessary. 

The  numbers  for  the  Tennessee  localities  are  the  same  as  those  used 
on  the  map  accompanying  this  paper. 

The  numbers  used  for  the  Kentucky  localities  need  fuller  identifi- 
cation. 

1.  Fear  miles  northeast  of  La  Grange,  along  the  railroad  to  Pendleton,  beyond 
the  bridge  across  the  railroad  leading  to  Mrs  Whalen's  house. 

5.  Two  miles  east  of  Pewee  valley,  beyond  Floydshurg,  on  the  road  to  Todds 
point,  before  reaching  Rodmans  fork,  in  an  open  field  south  of  the  road,  on 
the  Alexander  Sinclair  farm. 

22.  On  the  new  road  from  Middletown  to  Tucker  station,  a  short  distance  north 
of  entrance  to  the  old  Blankerhaker  homestead. 

26.  At  the  Cedar  Spring  chnrch,  on  the  road  from  Jefiersontown  to  Seatouville. 

29.  Near  Hays  spring,  on  the  pike  from  Louisville  to  Bardstown,  a  short  distance 
north  of  the  crossing  over  Floyds  fork. 

31.  At  the  southwest  corner  of  Mount  Washington,  along  the  Bardstown  pike. 

32.  About  a  mile  beyond  Green  wells  ford,  on  the  hill  road  to  Lick  Skillet,  about 

200  feet  south  of  the  home  of  Mr  Asa  Lutes. 

33.  About  a  mile  farther  south,  along  the  stream  leading  from  the  home  of  W.  R. 

Green  well  eastward  toward  that  of  Jess  Ruby. 

39.  Along  the  Nelson  County  line  creek,  a  short  distance  below  the  home  of 
James  Roney. 

48.  On  the  east  side  of  Bardstown,  in  the  bed  of  the  creek. 

61.  West  of  Cedar  creek,  along  road  crossing  Cedar  creek  half  a  mile  above  junc- 
tion with  Beech  fork,  5  miles  southwest  from  Bardstown. 

63.  At  crossing  of  small  stream  about  1.5  miles  southwest  from  last  locality. 

71.  Six  miles  east  of  Bardstown,  along  the  railroad  beyond  Gasburg. 
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74.  Half  a  mile  southwest  of  Balltown,  on  the  road  from  Bardstown  to  New 
Haven. 

88.  Along  the  road  half  a  mile  north  of  New  Hope. 

89.  About  a  mile  east  of  New  Hope,  along  the  railroad  west  of  croesingof  Pot- 

tinger  creek. 

91 .  About  200  yards  west  of  Coon  hollow,  less  than  a  mile  east  of  last  locality  (89). 

99.  Five  miles  west  of  Springfield,  on  hill  road  to  Manton,  near  Mclntire's  store. 
100.'  Half  a  mile  east  of  Mclntire's  store,  west  of  Wheatlys  branch. 
101.  East  of  Wheatlys  branch,  at  synclinal  fold. 
110.  A  quarter  of  a  mile  west  of  Loretto,  south  of  the  railroad. 

113.  About  a  mile  southeast  of  Chicago,  on  road  to  Saint  Marys. 

114.  Two  miles  south  of  Chicago,  on  road  to  Ray  wick,  east  of  house  of  W.  D. 

Miles. 

116.  East  of  the  road,  before  steep  descent  of  hill,  less  than  a  mile  southward  of 
the  W.  D.  Miles  locality. 

The  fauna  of  the  Osgood  and  Laurel  horizons  is  at  present  still  under 
investigation. 

WALDRON  FOSSILS  WEST  OF  THE  CINCINNATI  ANTICLINE  IN  TENNESSEE 

All  of  the  fossils  in  the  following  list  are  found  in  a  single  exposure 
at  Newsom  station,  Tennessee.  When  recorded  also  from  other  locali- 
ties, the  numbers  of  these  localities  follow  the  name  of  the  fossil.  In 
this  list  all  the  less  common  species  of  bracbiopods  were  submitted  to 
Mr  Charles  Schuchert.  The  crinoids  were  submitted  to  Mr  Frank 
Springer. 

Lichas  boUoni,  var.  occidentalism  Anattrophia  intemoiceTU. 

DcUmanites  incornii,  only  the  margin  of  Plectamboniles  trang^ermUig  f,  very  small 

head  known,  as  at  Waldron,  Indiana.  individuals. 

Dalmaniies  verrucosus,  4,  7,  10.  StrophoneUa  semifcucialaf  7. 

Ceraurus  nutgarensis,  7,  10.  StrophoneUa  slriaia. 

lUsenus  armaius  f,  only  pygidia  and  one  Stropheodonla,  1  species ;  belongs  to  sub. 

glabella  of  type  figured  in  Waldron         genus    Brackyprion,    near    Str»    pro- 

report.  funda,  G. 

lllxnus,  1  species.  Ltptaena  rhomboidaUitf  7,  10. 

Acidaspis  fimbricUa  /,  only  free  cheek.  Mimulus  waldronensis. 

Cyphaspis  christyi.  Orthotketes  subplanus,  7 ;  also  double  con 
Calymem  niagarensis,  7,  10.  vex  form  at  4,  10,  12. 

HyolitheSf  1  species.  Orthotirophia,  1  species ;   nearest  related 
ComulUes,  1  species,  only  young  indi-         to  0.  kaUif  but  with  finer  plications. 

viduals  apparently.  RhipidomeUa  kybrida;  also  a  form,  ap- 
Spirorbis  inoniatus.  parently  mature,  but  of  half  the  ordi- 

Orthoceras  amycus,  7.  nary  size,  and  slightly  more  convex. 

Strophostylus  cyclostomus,  DalmaneUa  eleganhda,  7 ;  also  a  variety 
Platyostotna  niagarense,  10.  with  more  prominent  beak. 
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Cypricardinia  araia. 

Pterinia  brisa^  7,  10. 

Pterinia,  4  species,  7. 

Ampkiccelia  leidyi,  like  Waldron  form. 

Eichicaldia  relictdata,  7. 

Meriiiina  maria^  6,  7,  10. 

Homceospira  evux,  7. 

Homceotpirat  1   species,   more  convex 

than  H.  sohrina.    Compare  descri{>- 

tion  of  RhynchoBpira  heUna,  not  the 

figures. 
WhitfieldeUa  nitida,  G.,  7. 
Nw^ogpira  pisiformis. 
Oyrtia  myriea. 
Spirifer  crUtpuit   variety  simplex,    10; 

probably  young  of  crispus, 
Spirifer  crispus. 
Spirifer  oUgoptyckuSf  b,  7,  10;  same  as 

Sp.  eudora, 
Spirifer  plicaUellus, 
Spirifer  radiaitUj  7. 
Atrypa  reticularis^  4,  5,  G.,  7,  10. 
Atrypina  diiparilis, 
Uncinulus  stricklandi,  7, 10;  RhynchoneVa 

UnnesseentM  is  only  a  slight  variation 

from  this  form. 
Camaroiceckia  indianeruis, 
Camarotcechia  whitei, 
Camarotcechia  acinus,  7. 
Rhynchotreta  cuneata,  var.  americana, 
Gypidula,  1  species ;  plications  even  less 

than  in  G.  rcemeri. 


BUobites  biloba,  7. 

Crania  sUuriana. 

Pholidops  oralis;  apparently  identical 
with  Ph.  squamiformis. 

Lingula  gibbosa, 

Periechocrinus  chrislyi  {Saecocrinus), 

Macroslylocrinus  siriaius  ;  also  var.  granu- 
losus, 

Mariacrinus  carleyi  {Glyptocriniui), 

lliysanocrinus  inomaius  (GlyptasUr). 

Lecanocrinus  pusUlus. 

Melanocriniu  agualis. 

LyHocrinus  melissa. 

Eucalyptocrinus  crassus, 

Eucalyptocrinus  magnus;  abo  forms  inter 
mediate  between  magnus  and  crassus. 

Eucalyptocrinus  elrodi;  also  a  form  ap- 
parently distinct. 

Eucalyptocrinus  tuberculaius  f 

Eucalyptocrinus  ovalis. 

Stephanocrinus  gemmiformis. 

Stribalocystis  gorbyi  (Caryocrintis). 

Drymotrypa  niagarensis. 

Diamesopora  osctdum. 

Callopora  degantula. 

Ftslulipora  neglecta. 

Ceramopora  f  confluens. 

Favosites  forbesiy  var.  occiderUalis,  G. 

FavosUes  spinigerus. 

Streptelasma  radicans. 

Streptelasma  borealis  (Duncanella). 

Aslylospongia  pramorsa. 
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Encrinurus  pundatus  f ,  9. 

Calymene  niagarensis,  9. 

Meristina  maria,  9. 

Relicularia,  1  species,  9. 

Spirifer  foggi,  9. 

Spirifer  radiata,  9. 

Atrypa  reticularis,  9 ;  both  with  fine  and 

with  coarse  striations. 
Wilsonia  saffordi,  9. 
Uncinulus  tennesseensis,  9. 
Conchidium  nysius,  3. 
Conchidium  knappi,  3. 
Pentamerus  oblongus,  3. 
Orthothetes  subplanvs,  9. 


LyeUia  discoidea,  9. 
Lyellia  pu^Ua,  9. 
Heliolites  subtubuUsius,  9. 
Heliolites  inierstincius,  9. 
Thecia  mirior,  9. 
ITiecia  major,  9. 
Halysiies  cntenuUUus,  3,  9. 
Favosites  forbesi,  var.  discoidea,  9. 
Favosites  favosus,  9. 
Ccenites  verticillcUa,  3. 
Cladopora,  3  species,  9. 
Cladopora  reticulata,  3. 
Alveolites,  1    species,  9;  l)etween  Niaga- 
rensis and  rerticillnta. 
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Rhipidomella  hybrida,  3. 

Platygtrophia  biforata,  3. 

Fistulipora  hemigpherica,  9. 

Pachydictya  croABa^  9. 

Calceola  tennesseengis,  9 ;  operculum  only. 

Lyellia  americana,  3. 


Alveolites  louimUenns,  9. 

CyaiphyUum,  1  species,  9 ;  much  larger 

than  C.  niagareriBe, 
AmpUxus  shumardi,  9. 
Aulopora  roemeri  {repens,  of  Roemer),  9. 


The  brachiopods  of  this  list  were  submitted  to  Mr  Charles  Schuchert. 


DEVONIAN  F088IL8  POUND  IN  THE  PBORAM  LIMBSTONB  IN  TENNESSEE 


*NucUospira  concinna,  12. 

Spirifer  penruitu8f  9, 

Tropidoleptua  carinatus,  9. 

Camaroicechia  carolinaf  var.,  9. 

*StroplieodoTUa  demissa^  12 ;  interiors  of 
brachial  valves.  Also  a  younfi:  speci- 
men of  a  form  known  as  the  young  of 
Str,  demissa  in  New  York,  but  consid- 
ered a  distinct  form  (Sir,  erraticd)  in 
Michigan. 

*Stroph£odonta  perplana,  12 ;  exterior  of 
pedicle  valve. 


*Rhipidomella  penelope,  9,   12;    eixe  of 

specimens    too   large   for   vanuxemi; 

specimens   are    interiors   of  pedicle 

valves. 
Lingukif  similar  in  outline  and  size  to 

L.  Cuyahoga  of  Hall  and  Clarke. 
Poiypora  levinodaia^  9,  12. 
Co$cinium  cribriforme,  12. 
Unilrypa  teguUUa,  9,  12. 
Nucleocrinus  vemeuilif  9. 


The  brachiopods  marked  with  an  asterisk  were  submitted   to  Mr 
Charles  Schuchert. 
The  bryozoans  were  examined  by  Mr  E.  0.  Ulrich. 
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Session  of  Thursday,  December  27 

The  Society  was  called  to  order  by  the  President,  Dr  George  M.  Daw- 
son, in  the  chapel  of  the  Albany  (Boys)  Academy.  All  the  sessious 
of  the  meeting  were  held  in  this  place  and  the  President  presided  at  all 
the  sessions  except  one. 

Dr  F.  J.  H.  Merrill,  State  Geologist,  spoke  a  few  words  of  welcome 
to  the  Society,  and  announced  that  the  formal  address  of  welcome,  ex- 
pected at  this  time,  by  the  Honorable  T.  Guilford  Smith,  Chairman  of 
the  State  Museum  Committee,  would  be  given  at  the  dinner  in  iherevenr 
ing.  Dr  John  M.  Clarke,  State  Paleontologist,  also  welcomed  the  So- 
ciety in  a  brief  address. 

Doctor  Clarke  read  the  following  invitation  from  the  Director  of  the 
State  Library : 

State  Library,  Albant,  Nkw  Yobk,  December  t7, 1900. 
John  M.  Clabkb,  Ph.  D.,  Albany,  New  York. 

Dear  Doctor  Clarke:  Will  you  kindly  extend  to  the  visiting  geologists  a  rami 
cordial  invitation  to  visit  the  State  Library  and  Home  Education  departments, 
where  we  should  be  more  than  delighted  to  show  theui  anything  of  our  peculiar 
work  in  which  they  are  interested?    We  appreciate  the  honor  done  to  our  old  city 
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by  thk  gather inK  of  tlie  meet  distinjjfaished  geologists  of  the  country,  and  should 

esteem  it  a  privilege  to  show  "them  any  courtesy  in  the  power  of  our  departments. 

Yours  very  truly, 

Melvil  Dbwby,  Director. 

9 

The  Report  of  the  Council  was  called  for  and  was  presented,  in  print, 
hy  the  Secretary,  as  follows : 

BBPOST  OF  THB  COUNCIL 

To  tiie  Geological  Society  of  America, 

in  Thirteenth  Annual  Meeting  Assembled : 

The  Council  congratulates  the  Society  upon  its  continued  prosperity, 
as  shown  in  the  reports  of  the  officers.  The  affairs  of  the  Society  are  in 
excellent  condition,  and  the  Council  has  no  recommendations  or  special 
business  to  present.  During  the  past  year  the  Council  has  held  its 
stated  mefitings  in  connection  with  the  meetings  of  the  Society,  the  at- 
tendance at  the  Summer  Meeting  in  New  York  being  one  less  than  a 
quorum. 

Sbcbbtary's  Rbport 

To  the  OouncU  of  the  Geological  Society  of  America  : 

Meetings.-r^The  records  of  the  Twelfth  Annual  Meeting,  held  in  Wash- 
ington, December,  1899,  and  the  Twelfth  Summer  Meeting,  in  New 
York,  June,  1900,  are  in  print  and  will  soon  be  distributed,  probably 
before  this  report  is  read.  According  to  the  custom,  the  Summer  Meet- 
ing occupied  one  day  of  the  time  of  Section  E,  American  Association 
for  the  Advancement  of  Science. 

Membership. — During  the  year  one  Fellow  has  died,  Mr  Franklin  Piatt. 
The  eight  candidates  elected  at  the  Washington  Meeting  all  qualified. 
Two  names  have  been  erased  for  non-payment  of  dues,  which  leaves  on 
the  last  printed  list  (June,  1900,  Bull.,  vol.  11,  p.  629)  245  names.  To 
this  must  be  added  the  three  names  of  the  men  elected  at  the  Summer 
Meeting,  making  the  present  enrollment  248.  Five  Fellows  are  delin- 
quent for  two  years.  Eight  nominations  are  before  the  Council.  As 
only  one  candidate  had  been  fully  approved  by  the  Council,  the  Secre- 
tary thought  it  better  to  issue  no  nomination  and  ballot  for  the  Albany 
Meeting. 

Fbrm  of  reports. — For  several  years  the  Secretary's  reports  of  Bulletin 
distribution  and  sales  have  been  presented  in  detailed  tabulation,  in- 
cluding complete  statistics  for  the  published  volumes.  The  number  of 
published  volumes  is  now  so  large  that  such  tables  are  complicated  and 
expensive  to  print,  and  will  be  discontinued.  Instead  of  these  the 
statistics  will  be  given  for  the  fiscal  year,  with  a  few  grand  totals.    The 
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Secretary's  books  show  all  transactions.  At  the  end  of  the  second  decade 
a  full  tabulation  and  comparison  should  be  mttde. 

Distribution  of  Bulletin. — Since  November  30,  1899,  the  completed 
copies  of  volume  10  have  been  distributed.  The. 85  copies  sent  to  ex- 
changes,  73  sold  to  libraries,  3  bound  for  use  of  officers  and  library,  and 
1  donated,  appear  in  the  printed  report  for  last  year  (Bull.,  vol.  11,  p. 
513) ;  also  three  brochures  distributed.  In  addition  to  those  published 
figures  (for  volume  10),  five  volumes  have  been  sold  to  libraries  and  two 
sold  to  Fellows ;  ten  brochures  have  been  sent  to  supply  deficiencies  and 
six  have  been  sold  to  the  public.  Of  the  preceding  nine  volumes,  26 
copies  have  been  sold  to  libraries  during  the  year  and  13  copies  to 
Fellows.  Eleven  brochures  have  been  donated  to  supply  deficiencies  or 
losses  in  the  mails,  and  ten  have  been  sold  to  the  public. 

Of  volume  11,  seven  brochures  have  been  sent  to  fill  deficiencies  and 
twenty-three  have  been  sold  to  the  public.  Most  of  these  sales  were  of 
Mr  Weed's  paper  on  "  Enrichment  of  Mineral  Veins;"  to  supply  this 
demand  the  Secretary  purchased  an  extra  supply  from  the  author. 

Subscriptions. — Since  it  has  become  largely  the  practice  for  libraries  to 
order  their  periodicals  through  news  agents,  it  is  difficult  to  determine 
the  number  of  institutions  which  might  be  regarded  as  r^ular  sub- 
scribers to  the  Bulletin.  Seventy -eight  copies  of  volume  10  have  been 
sold  to  the  public. 

Bulletin  sales. — The  following  table  shows  the  income  for  the  year 
from  sale  of  the  Bulletin : 


RBCBIPTB  FROM  SALE  OF  BULLBTIN,  DBCBMBBR   1,  1899,  TO   DBCBMBBR   1,  1900 


Complete  volumes. 

Brochares.        ' 

Grand 

Libraries. 

Fellows. 

Total. 

Libraries. 

1 
Fellows. 

toUl. 

Volume   1 

$15  00 
15  00 
15  00 
15  00 
15  00 
10  00 
10  00 
10  00 
25  00 

255  00 
90  00 
15  00 

$9  00 
9  00 
4  00 

3  50 

4  00 
4  00 
4  00 
4  00 
4  00 
8  00 

$24  00 
24  00 
19  00 

18  50 

19  00 
14  00 
14  00 

14  00 
29  00 

263  00  1 
90  00 

15  00 

$543  50 

$3  75 

•  •  •  •   «  •  *  • 

$27  75 
24  00 

Volume   2 

Volume  3 

19  00 

Volume  4 

20 
40 
50 
75 

18  70 

Volume   5 

19  40 

Volume   6 

14  50 

Volume   7 

14  75 

Volume   8 

14  00 

Volume  9 

29  00 

Volume  10 

Volume  11 

3  40 
5  00 

•  •  •  • 

266  40 
95  00 

Volume  12 

15  00 

1 

$490  00 

$53  50 

$14  00 

•  •  *      •    »  •  • 

$557.50 
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Receipts  for  the  fiscal  year $557  50 

Previous  receipts,  to  November  30,  1899 4,682  51 

Total  receipts  to  date $5,240  01 

Charged  and  ancollected 55  55 

Total  Balletin  sales  to  date $5,295  56 

Of  the  amount  uncollected  perhaps  $11  will  have  to  be  charged  to 
profit  and  loss. 

Exchanges, — No  addition  has  been  made  to  the  list  of  institutions  re- 
ceiving the  Bulletin  as  donation  during  the  past  three  years,  but  your 
Special  Committee  on  Exchanges  will  recommend  a  few  additions  even 
if  it  requires  the  omission  of  some  now  listed. 

Expenses, — The  following  table  shows  the  cost  of  administration  from 
the  Secretary's  oflBce  for  the  past  year : 

EXPENDITURE    OF    SBCRBTAKY'S    OFFICE    FOR   THE    FISCAL    YEAR,    NOVEMBER   30,    1899, 

TO   NOVEMBER   30,    1900 

Account  of  Administration 

Postage $14  73 

Ezpressage 3  66 

Printing  (including  stationery  and  records) 51  55 

Meetings  (not  included  in  printing) *    ^ . .  51  85 

Binding 4  00 

Total $1 25  79 

Account  of  Bulletin 

Postage $137  74 

Expressage-and  freight 66  S3 

Wrapping  material  and  labels 33  91 

Purchase  of  brochures 6  40 

Collection  of  checks 3  95 

Total $248  83 

Total  expenditure  for  yfear $374  62 

Respectfully  submitted. 

H.  L.  Fairchild, 

Rochester,  N.  Y.,  December  20,  1900,  Secretary, 

Treasurer's  Report 

To  the  Council  of  the  Geological  Society  of  America : 

The  Treasurer  submits  herewith  his  annual  statement  of  the  receipts 
and  disbursements  for  the  year  ending  December  1,  1900,  with  other 
statistics  to  date. 
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Two  Fellowa  were  dropped  from  the  roll  during  the  year  for  non-pay- 
ment of  dues;  five  (5)  others  are  delinquent  fOr  two  years,  and  after 
January  1  will  be  subject  to  loss  of  Fellowship  for  non-payment,  while 
thirty-five  (35),  a  much  larger  number  than  usual,  are  delinquent  for 
one  year — 1900. 

Five  Fellows,  namely,  A.  H.  Brooks,  J.  B.  Hastings,  A.  F.  Foerste, 
Samuel  L.  Penfield,and  Heinrich  Ries,  have  commuted  for  life  since  the 
last  report,  thus  raising  the  number  of  Life  Members  to  forty-eight  (48). 

No  permanent  investments  haVe  been  made  during  the  year,  but  a 
large  deposit  has  been  kept  with  the  Security  Trust  Company  of  Roches- 
ter, New  York,  on  which  the  Society  is  still  paid  interest  on  monthly 
balances  at  the  rate  of  four  (4)  per  cent.  The  item  of  $97.23  interest 
shows  the  income  from  this  source,  which,  added  to  the  $273.00  from 
the  invested  fund  of  $5,000,  makes  the  total  income  of  $370.23  from  the 
Society's  surplus  funds. 

The  detailed  financial  transactions  of  the  Society  are  presented  in  the 
statement  on  the  preceding  page. 

Respectfully  submitted. 

I.  C.  White, 

MoRGANTOWN,  West  Va.,  December  20^  1900.  Treasurer . 

Editor's  Report 

lo  the  Council  of  the  Geological  Society  of  America  : 

The  Editor  takes  pleasure  in  announcing  that  the  past  year  has  been 
a  very  satisfactory  one  in  the  matter  of  the  Society's  publications.  The 
last  brochure  of  volume  11,  the  most  copiously  illustrated  volume  ever 
issued  by  the  Society  and  next  to  the  largest  in  number  of  pages,  was 
completed  October  31.  It  consists  of  651  pages  of  text  and  xii  pages  of 
preliminary  matter  and  is  illustrated  with  58  plates  and  37  cuts.  Such 
of  the  papers  of  the  Summer  meeting  as  have  been  offered  for  publication 
are  in  print,  and  make  56  pages  of  volume  12.  If  the  papers  of  the 
Winter  meeting  are  prolhptly  handed  in  by  the  authors,  there  is  no 
reason  why  this  volume  should  not  be  completed  by  June,  thus  avoid- 
ing the  delay  which  sometimes  arises  from  the  scattering  of  members  to 
their  various  fields  of  summer  work,  and  their  consequent  inaccessibility 
for  the  correction  of  proof. 

At  this  writing  the  index  of  volumes  1  to  10,  inclusive,  is  in  type. 
Involving  as  it  did  somewhat  more  work  than  was  first  anticipated,  it 
was  not  practicable  to  issue  it  during  the  summer,  but  it  will  be  disposed 
of  before  the  close  of  the  year. 

Although  exact  classification  is  not  attempted,  the  following  compara- 
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tive  table  presents  reasonably  good  analyses  of  the  contents  of  volumes 
7,  8,  9,  10,  and  11 : 

^.  .  .     .  Vol.  7, 

D%vi8ums.  p^^ 

Areal  geology 38 

Dynamic  geology 3 

Economic  geology 4 

Glacial  geology 105 

Historical 

Memoirs  of  deceased  members 28 

Official  matter 66 

Paleontology 123 

Petrology 40 

Physiographic  geology 53 

Relation  of  geology  to  pedagogy 12 

Rock  decomposition ' 74 

Stratigraphic  geology 21 

Terminology 1 


Total 


558 


Vol.  8. 
Paget. 

34 

24 

14 

98 

•  • 

8 
69 
58 
43 

5 

•  • 

26 
67 

•  • 
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Vol.  9. 
Paqu. 

2 

85 

16 

138 

«  • 

12 
54 
64 

44 


17 

28 


VoL  10. 
Pagea. 

35 

24 

28 

96 

16 

27 

72 

68 

59 

37 

■  • 

9 

62 

1 


Vol.  11 
Paga, 

65 

110 

7 

21 

46 

60 

59 
188 

54 

10 


31 


460 


534 


651 


The  average  cost  of  the  ten  volumes  is  given  below,  and  with  it  will 
be  compared  the  cost  of  each  volume  as  it  appears  annually : 


Ijetter-presB 

Illustrations 

Average  per  page 


Average. 
Vols.  1-10. 


pp.  M4. 

piM.  26. 


$1,465  14 
290  40 


$1,755  54 


$3  2) 


Vol.  11. 


pp.  6.M. 


$I,M.'>  >> 

a73  r-« 


$2,199  34 


$3  30 


From  the  foregoing  it  will  be  seen  that,  when  the  unusual  illustration 
of  volume  11  is  taken  into  account,  there  has  been  no  tendency  to  care- 
lessness in  the  matter  of  cost  of  publication,  but,  on  the  contrary,  the 
conservative  policy  first  adopted  has  been  maintained. 

Respectfully  submitted. 

Joseph  Stanley-Brown, 

Washington,  D.  C,  December  17,  1900.  Editor. 

Librarian's  Report 

2b  the  Council  of  the  Geological  Society  of  America  : 

The  list  of  additions  to  the  library  between  March,  1899,  and  June, 
1900,  will  be  found  in  print  in  the  Bulletin,  volume  11,  pages  617-628. 

Some  effort  has  been  made  to  complete  imperfect  volumes  of  exchanges 
and  to  effect  exchange  in  a  few  cases  in  which  the  Society's  Bulletin 
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was  being  sent  but  no  exchange  received.  For  cordial  response  to  such 
effort  the  Society  is  indebted  to  the  Geological  Survey  of  Great  Britain, 
Geological  Survey  of  Canada,  Royal  Society  of  Canada,  New  York  Acad- 
emy of  Sciences,  Societa  Geologica  Italiana,  Society  Beige  de  Geologic, 
K.  Sachische  Gesellschaft  der  Wissenschaften,  Comit6  G^ologique  de  la 
Russie,  and  Magyarhoni  Foldtani  Tarsulat. 

One  hundred  and  eighty  volumes  have  been  bound  during  the  past 
year,  and  the  arrearage  in  binding  mentioned  in  the  Librarian's  report 
of  two  years  ago  will  be  finally  wiped  out  during  the  coming  year. 

The  expenses  of  this  office  during  the  past  eighteen  months  are  as 
follows : 

Express |3  46 

Postage 1  15 

Postal  cards.. 6  00 

Printing  of  same 1  25 

Total Ill  85 

Respectfully  submitted. 

H.    P.    CUSHING, 

Cleveland,  Ohio,  December  i,  1900.  Librarian. 

On  motion  of  the  Secretary,  it  was  voted  to  defer  consideration  of  the 
Council  report  until  the  following  day. 

As  the  Auditing  Committee,  to  examine  the  accounts  of  the  Treasurer, 
the  Society  elected  E.  0.  Hovey  and  H.  P.  Cushing. 

ELECTION  OF  QFFICERS 

The  result  of  the  balloting  for  officers  for  1901,  as  canvassed  by  the 
Council,  was  announced  by  the  President,  and  the  officers  were  declared 
elected  as  follows :  *  • 

President : 

Charles  D.  Waloott,  Washington,  D.  C. 

First  Vice-Preddent : 
N.  H.  WiNCHELL,  Minneapolis,  Minn. 

Second  Vice-President: 
S.  F.  Emmons,  Washington,  D.  C. 

Secretary  : 
H.  L.  Fairchild,  Rochester,  N.  Y. 

Treasurer  : 
I.  C.  White,  Morgantown,  W.  Va. 

LXV— Bull.  Okol.  Soc.  Am..  Vol.  12,  1900 
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Editor: 
J.  Stanley-Brown,  Washington,  D.  C; 

Librarian : 
H.  P.  Gushing,  Cleveland,  Ohio. 

Councillors : 

Samuel  Calvin,  Iowa  City,  Iowa. 
A.  P.  Coleman,  Toronto,  Can. 

In  the  absence  of  the  author,  the  following  memoir  was  read  by  W.  M. 
Davis : 

MEMOIR  OP  FRANKLIN  PL  ATT 
BT  PSmiFOR  FRAZICB 

The  subject  of  this  sketch  was  descended  from  an  old  English  family, 
of  which  one  branch  had  settled  in  New  Jersey.  His  father  was  Franklin 
Piatt  and  his  mother  was  Clara  A.  Greenough,  of  Sunbury,  Pennsylvania. 
He  was  born  November  19, 1844,  in  Philadelphia,  and  died  at  Cape  May, 
New  Jersey,  July  24,  1900. 

In  1860  he  entered  the  sophomore  class  in  the  University  of  Penn- 
sylvania, but  left  at  the  end  of  the  college  year.    His  -^^4^,^]^^^^^ 
L  Piatt,  was  a  student  with  him,  and  was  latei^rasoSat^^ith 
h iiK'fif  'jl&'ological  work. 

In  1863  Mr  Piatt  served  as  a  private,  from  June  26  to  August  1,  in 
Company  D  of  the  old  militia  regiment  of  Philadelphia,  known  as  the 
"  Gray  Reserves,"  during  the  emergency  campaign,  when  Lee  invaded 
Pennsylvania. 

In  1864  he  was  appointed  an  aid  on  the  United  States  Coast  and  Geo- 
detic Survey.  He  was  without  commission,  in  a  party  of  topographers, 
under  Mr  Dorr,  which,  under  command  of  General  O.  M.  Poe,  accom- 
panied Sherman's  army  in  the  famous  ^'  march  to  the  sea." 

After  the  civil  war  Piatt  read  geology  in  the  office  of  Mr  Benjamin  S. 
Lyman.  In  1870  he  became  associated  with  the  Writer  for  one  year  as 
reporting  geologist. 

When  the  Second  Geological  Survey  of  Pennsylvania  was  organized 
Mr  Piatt  was  chosen  as  an  assistant  and  assigned  to  the  Clearfield  and 
Jefferson  Counties  district  in  the  bituminous  coal  field.  When  the 
survey  terminated  he  opened  an  office  with  his  brother,  W^  6.  Piatt,  as 
consulting  geologist,  especially  on  coal.  In  1881  they  located  lands  for 
the  Rochester  and  Pittsburg  Coal  and  Iron  Company,  and  later  he  be- 
came its  consulting  engineer,  and  finally  its  president  for  several  years. 
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Mr  Piatt  retired  from  active  work  about  1891.  In  later  years  he  wae 
an  invalid  and  spent  his  evenings  in  his  apartment,  1820  Chestnut 
street,  Philadelphia.  His  serious  illness  began  in  1898,  when  his  vision 
failed  so  that  he  could  not  read.  He  died  suddenly  at  Cape  May,  and 
is  buried  in  Woodlands  cemetery,  Philadelphia.    He  was  never  married. 

Franklin  Piatt  was  a  superior  man  intellectually.  He  had  a  phe- 
nomenal memory,  strong  prejudices,  and  was  not  easily  persuadable. 
He  shunned  the  society  of  ladies  and  emotional  influences.  He  was 
discreet,  politic,  and  calm  in  judgment,  with  great  power  of  estimating 
the  relative  value  of  things.  In  person  he  was  tall  and  spare,  with 
usually  a  slight  stoop,  and  of  £Eiir  complexion. 

Mr  Piatt  was  a  member  of  several  scientific  societies,  and  an  original 
Fellow  of  the  Geological  Society.  Though  a  member  of  the  Philadelphia 
Academy  of  Natural  Sciences  from  1868  to  1900,  he  never  contributed 
to  its  proceedings.    Following  is  the  list  of  his  geological  writings : 

BIBLIOGRAPHY 

Chantcter  of  some  Sullivan  County  coals.    (Read  February  7,  1879.)    iVoc  Amer, 

Phil,  Soc. 
Reports  of  the  Second  Geological  Survey  of  Pennsylvania : 

H.  First  report  on  Clearfield  and  Jefferson  counties.    1875. 

H  2.  Report  on  Cambria  and  Somerset  counties  (in  collaboration  with  W.  G. 

Piatt).    1877. 
H  3.  Report  on  lk>merBet  county  (with  W.  G.  Piatt).    1877. 
L.  Report  on  the  YouKhiogheny  coke  manufacture  (with  J.  B.  Pearae),  with 

other  reports.     1876. 
G  3.  Report  on  the  coal  fields  of  Potter  county.    1880. 
G  4.  Notes  on  the  Tangascootac  coal  basin.    1880. 

A  2.  Report  on  the  causes,  kinds,  and  amounts  of  waste  in  mining  anthra- 
cite.   1881. 
T.  Blair  county,  with  atlas.    1881. 
Sundry  special  reports  in  the  Annual  Report  of  1885. 

The  presentation  of  scientific  communications  was  declared  in  order, 
and  the  President  called  for  the  first  paper  of  the  printed  program,  as 
follows ; 

EXPERIMENTAL  WORK  ON  THE  FLOW  OF  ROCKS* 

BY  FRANK   D.    ADAMS 

[Abstract.] 

That  rocks,  under  the  conditions  to  which  they  are  subjected  in  certain  parts  of 
the  earth's  crust,  become  bent  and  twisted  in  the  most  complicated  manner  is  a 

*  This  paper  Ib  published  in  txUnao  in  the  Philosophical  Transactions  of  the  Royal  Society  of 
London,  series  A,  toI.  195,  pp.  363-401,  plates  22-26. 
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fact  which  was  recognized  by  the  earliest  geologists,  and  it  needs  but  a  glance  at 
any  of  the  accurate  sections  of  contorted  regions  of  the  eartirs  crust  which  have 
been  prepared  in  more  recent  years  to  show  that  there  is  often  a  transfer  or  "  flow  " 
of  material  from  one  place  to  another  in  the  folds.  The  manner  in  which  this  con- 
tortion, with  its  concomitant  "  flowing,"  has  taken  place  is,  however,  a  matter 
concerning  which  there  has  been  much  discussion,  and  a  wide  divergeiK'e  of 
opinion.  Some  authorities  have  considereii  it  to  be  a  purely  mechanical  process, 
while  others  have  looked  upon  solution  and  redeposition  as  playing  a  necessary 
r61e  4n  all  such  movements.  The  problem  is  one  on  which  it  would  appear  that 
much  light  might  be  thrown  by  experimental  investigation.  If  movements  can 
be  induced  in  rocks  under  known  conditions,  with  the  reproduction  of  the  stract- 
ures  found  in  deformed  rocks  in  nature,  much  might  be  learned  concerning  not 
only  the  character  of  the  movements,  but  also  concerning  the  conditions  which 
are  necessary  in  order  that  the  movements  in  question  may  take  place. 

It  is  generally  agreed  that  three  chief  factors  contribute  to  bringing  about  the 
conditions  to  which  rocks  are  subjected  in  the  deeper  parts  of  the  earth's  crast, 
where  folding  with  concomitant  flowing  is  most  marked.    These  are : 

1.  Great  pressure. 

2.  High  temperature. 

3.  Percolating  waters. 

With  regard  to  the  first  factor,  it  must  be  noted  that  mere  cubic  compression 
does  not  produce  movements  of  the  nature  of  flowing,  although  it  may  produce 
molecular  rearrangement  in  the  rock.  A  diflerential  pressure  is  necessary  to  give 
movement  to  the  mass.  As  Heiui  has  pointed  out,  there  is  reason  to  believe  that 
"Umformung  ohne  Bruch"  takes  place  when  a  rock  is  subjected  to  a  pressure 
which,  while  greater  in  some  directions  than  in  others,  in  every  direction  exceeds 
the  elastic  limit  of  the  rock  in  question.  Whether  all  these  factors,  or  only  cer- 
tain of  them,  are  actually  necessary  for  the  production  of  rock  deformation  is  a 
question  which  also  requires  to  be  determined  by  experiment,  for  by  experiment 
the  action  of  each  iAi\  be  studied  separately,  as  well  as  in  combination  with  the 
others. 

In  the  present  paper  a  first  contribution  to  such  a  study  is  presented,  pare 
Carrara  marble  being  the  rock  selected  for  study.  The  investigation  is  now  being 
extended  to  dolomites,  granites,  and  other  rocks. 

In  order  to  submit  the  marble  to  a  diflTerential  pressure,  under  the  conditions 
above  outlined,  it  was  sought  to  inclose  the  rock  in  some  metal  having  a  higher 
elastic  limit  than  marble  and  at  the  same  time  possessing  considerable  ductility. 
After  a  long  series  of  experiments  heavy  wrought-iron  tubes  of  special  construction 
were  adopted.  These  were  made,  following  the  plan  adopted  in  the  construction 
of  ordnance,  by  rolling  thin  strips  of  Low  Moor  iron  around  a  bar  of  soft  iron  and 
welding  the  strips  successively  to  the  bar  as  they  were  rolled  around  it.  The  core 
of  soft  iron  composing  the  bar  was  then  bored  out,  lea'ving  a  tube  of  Low  Moor 
iron,  the  sides  being  about  one-fourth  of  an  inch  in  thickness,  and  so  constructed 
that  the  fibers  of  the  iron  ran  around  the  tube  instead  of  being  parallel  to  its 
length.    These  were  found  to  answer  the  requirements  admirably. 

The  following  procedure  was  then  adopted :  Columns  of  the  marble,  an  inch  or 
in  some  cases  0*8  inch  in  diameter  and  about  1*5  inch  in  length,  were  accurately 
turned  and  polishe*!.  The  tube  was  then  very  accurately  fitted  around  the  marble. 
This  was  accomplished  by  giving  a  very  slight  taper  to  both  the  column  and  the 
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interior  of  the  tube,  and  so  arranging  it  that  the  marble  wonld  only  pass  half  way 
into  the  tube  when  cold.  The  tube  was  then  expanded  by  heating,  so  as  to  allow 
the  marble  to  pass  completely  into  it  and  leave  about  1*25  inch  of  the  tube  fi'ee  at 
either  end.  On  allowing  the  tube  to  cool  a  perfect  contact  between  the  iron  and 
the  marble  was  obtained.  In  some  experiments  the  tube  was  subsequently  turned 
down,  so  as  to  be  somewhat  thinner  immediately  around  the  marble.  Into  either 
end  of  the  tabe  containing  the  column  an  accurately  fitting  steel  plug  or  piston 
was  then  inserted,  and  by  means  of  these  the  pressure  was  applied.  The  high 
pressure  required  was  obtained  by  means  of  a  powerful  press  especially  constructed 
for  the  purpose,  consisting  of  a  double  hydraulic  *'  intensifier,"  the  water  presf<ure 
being  in  the  first  instance  obtained  from  the  city  mains.  By  means  of  this  ma- 
chine pressures  up  to  13,000  atmospheres  could  be  exerted  on  the  columns  having 
a  diameter  of  0*B  inch,  and  the  pressures  could  be  readily  regulated  and  maintained 
at  a  constant  value  for  months  at  a  time  if  required. 

It  having  been  ascertained  that  the  columns  of  the  marble  1  inch  in  diameter 
and  1^  inch  in  height  crushed  at  a  pressure  of  from  11,430  to  12,026  pounds  to  the 
square  inch,  the  column  inclosed  in  its  wroughtiron  tube,  in  the  manner  above 
described,  was  placed  in  the  machine  and  the  pressure  applied  gradually,  the  ex- 
terior diameter  of  the  tube  being  accurately  measured  at  frequent  intervals.  No 
effect  was  noticeable  until  a  pressure  upon  the  marble,  varying  of  course  with  the 
thickness  of  the  inclosing  tube,  but  generally  about  18,000  pounds  to  the  square 
inch,  was  reached,  when  the  tube  was  found  to  slowly  bulge,  the  bulge  being 
symmetrical  and  confined  to  that  portion  of  the  tube  surrounding  the  marble. 
The  distension  was  allowed  to  increase  until  the  tube  showed  signs  of  rupture, 
when  the  pressure  was  removed  and  the  experiment  concluded.  The  conditions 
under  which  the  marble  was  submitted  to  pressure  were  four  in  number; 

1.  At  the  ordinary  temperature  in  the  absence  of  moisture  (cold  dry  crush). 

2.  At  300  degrees  centigrade  in  the  absence  of  moisture  (hot  dry  crush). 

3.  At  400  degrees  centigrade  in  the  absence  of  moisture  (hot  dry  crush). 

4.  At  300  degrees  centigrade  in  the  presence  of  moisture  (hot  wet  crush). 
Eight  experiments  were  made  on  marble  columns  at  the  ordinary  temperature 

in  the  absence  of  moisture,  the  rate  at  which  the  pressure  was  applied  diflfering  in 
different  cases,  and  the  consequent  deformation  being  in  some  cases  very  slow 
and  in  others  more  rapid,  the  time  occupied  by  the  experiment  being  from  10 
minutes  to  64  days.  In  plate  42,  figure  1,  is  seen,  on  the  left,  the  iron  tube 
inclosing  the  marble  and  ready  to  be  placed  in  the  machine;  on  the  right,  the 
same  tube  after  the  marble  had  been  slowly  deformed  during  a  period  of  64  days. 
The  amount  of  deformation  was  not  in  all  cases  equal,  as  some  of  the  tubes  showed 
signs  of  rupture  sooner  than  others.  On  the  completion  of  the  experiment  the 
tube  was  slit  through  longitudinally  by  means  of  a  narrow  cutter  in  a  milling 
machine  along  two  lines  opposite  one  another.  The  marble  within  was  found  to 
be  still  firm  and  compact,  and  to  hold  tlie  respective  sides  of  the  tube,  now  com- 
pletely severed  from  one  another,  so  firmly  together  that  it  was  impossible  without 
mechanical  aids  to  tear  them  apart.  By  means  of  a  steel  wedge  driven  in  between 
them,  however,  they  could  be  8ei>arated,  but  only  at  the  cost  of  splitting  the  marble 
through  longitudinally.  In  plate  42,  figure  2,  the  deformed  marble  inclosed  in 
the  tube  shown  in  figure  1  is  seen  freed  from  latter,  and  beside  it  is  a  marble 
column  of  the  dimensions  which  it  originally  possessed  (natural  size).  The  half 
columns  of  the  marble,^  now  deformed,  generally  adhere  so  firmly  to  the  tube  that  it 
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is  necessary  to  spread  tlie  latter  in  a  vise  in  order  to  set  them  fre^  The  deformed 
marble,  while  firm  and  compact,  differs  in  appearance  from  the  original  rock  in 
possessing  a  dead  white  color,  somewhat  like  chalk,  the  glistening  cleavage  surfaoes 
of  the  calcite  being  no  longer  visible.  The  difference  is  well  brought  oat  in  cer- 
tain cases,  owing  to  the  fact  that  a  certain  portion  of  the  original  marble  often  re- 
mains unaltered  and  unaffected  by  the  pressure.  This  when  present  has  the  form 
of  two  blunt  cones  of  obtuse  angle  whose  bases  are  the  original  ends  of  the  colamns 
resting  against  the  faces  of  the  steel  plugs,  while  the  apices  extend  into  the  mus 
of  the  deformeil  marble  and  point  toward  one  another.  These  cones,  or  nither 
parabolas  of  rotation,  are  developed,  as  is  well  .known,  in  all  cases  when  cubes  of 
rock,  Portland  cement,  or  cast  iron  are  crushed  in  a  testing  machine  in  the  ordinary 
manner.  In  the  present  experiments  they  seldom  form  any  large  portion  of  the 
whole  mass. 

In  order  to  test  the  strength  of  the  deformed  rock,  three  of  the  half  colamns 
from  different  experiments,  obtained  as  above  described,  were  selected  and  tested 
in  compression.  The  first  of  these,  which  had  been  deformed  very  slowly,  the 
experiment  extending  over  64  days,  crushed  under  a  load  of  5,350  pounds  per 
square  inch  ;  the  second,  which  had  been  deformed  in  1^  hours,  crushed  under  a 
load  of  4,000  pounds  per  square  inch ;  while  the  thirdi  which  had  been  qnickly 
deformed,  the  experiment  occupying  only  10  minutes,  crushed  under  a  load  of 
2,776  pounds  per  square  inch.  As  mentioned  above,  the  original  marble,  in  oolumnB 
of  the  dimensions  possessed  by  these  before  deformation,  was  found  to  haves 
crushing  weight  of  between  11,430  and  12,026  pounds  per  square  inch.  These 
figures  show  that,  making  all  due  allowance  for  the  difference  in  shape  of  the 
specimens  tested,  the  marble  after  deformation,  while  in  some  cases  still  possessing 
considerable  strength,  is  much  weaker  than  the  original  rock.  They  alH>  tend  to 
show  that  when  the  deformation  is  carried  on  slowly  the  resulting  rock  is  stronj^r 
than  when  the  deformation  is  rapid. 

Thin-sections  of  the  deformed  marble,  passing  vertically  through  the  unaltered 
cone  and  the  deformed  portion  of  the  rock,  were  readily  made,  and  when  examined 
under  the  microscope  clearly  showed  the  nature  of  the  movement  which  had  taken 
place.  The  deformed  portion  of  the  rock  can  be  at  once  distinguished  by  its  turbid 
appearance,  differing  in  a  marked  manner  from  the  clear  transparent  mo^ic  of 
the  unaltered  cone.  This  turbid  appearance  is  most  marked  along  a  series  of  reticu- 
lating lines  running  through  the  sections,  which  when  highly  magnified  are  seen 
to  consist  of  lines  or  bands  of  minute  calcite  granules.  They  are  lines  along  whidi 
shearing  has  taken  place.  The  calcite  individuals  along  these  lines  have  broken 
down,  and  the  fragments  so  produced  have  moved  over  and  past  one  another,  and 
remain  as  a  compact  mass  after  the  movement  ceased.  In  this  granulated  material 
are  inclosed  great  nun]l)er8  of  irregular  fragments  and  shreds  of  calcite  crystals, 
bent  and  twisted,  which  have  been  carried  along  in  the  moving  mass  of  granulated 
calcite  as  the  shearing  progressed.  This  structure  is  therefore  cataclastic,  and  is 
identical  with  that  seen  in  the  feldspars  of  many  gneisses. 

Between  these  lines  of  granulated  material  the  marble  shows  movements  of 
another  sort.  Most  of  the  calcite  individuals  in  these  positions  can  be  seen  to  have 
been  squeezed  against  one  another,  and  in  many  cases  a  distinct  flattening  of  the 
grains  has  resulted,  with  marked  strain  shadows,  indicating  that  they  have  been 
bent  or  twisted.  They  show,  moreover,  a  finely  fibrous  structure  in  most  cases, 
which,  when  highly  magnified,  is  seen  to  be  due  to  an  extremely  minute  poly- 
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synthetic  twinning.  The  chatky  aspect  of  the  deformed  rock  is,  in  fiu;t,  due  chiefly 
to  the  destruction  by  this  repeated  twinning  of  the  continuity  of  the  cleavage  sur* 
faces  of  the  calcite  individuals,  thus  making  the  reflecting  surfitces  smaller.  By 
this  twinning  the  calcite  individuals  are  enabled  under  the  pressure  to  alter  their 
shape  somewhat,  while  the  flattening  of  the  grains  is  evidently  due  to  movements 
along  the  gliding  planes  of  the  crystals.  In  these  parts,  therefore,  the  rock  pre- 
sents a  continuous  mosaic  of  somewhat  flattened  grains. 

From  a  study  of  the  thin-sections  it  seems  probable  that  very  rapid  deformation 
tends  to  increase  the  relative  abundance  of  the  granulated  material,  and  in  this 
way  to  make  the  rock  weaker  than  when  the  deformation  is  slow. 

When  the  marble  is  heated  to  300  degrees  centigrade  in  a  suitably  constructed 
apparatus  and  is  then  subjected  to  deformation  under  conditions  which  otherwise 
are  the  same  as  before,  the  cataclastic  structure  is  found  to  be  absent  and  the 
strength  of  the  deformed  marble  rises  to  10,652  pounds  to  the  square  inch — that  is 
to  say,  it  is  nearly  as  strong  as  the  original  rock.  The  calcite  grains,  which  in  the 
original  rock  are  practically  equidimensional,  are  now  distinctly  flattened,  some 
of  them  being  three  or  even  four  times  as  long  as  they  are  wide.  Some  grains  can 
be  seen  to  have  been  bent  around  others  adjacent  to  them,  the  twin'lamellse  curv- 
ing with  the  twisted  grain.  In  others  again  of  these  twisted  lamellee  the  twinning 
only  extends  to  a  certain  distance  from  the-  margin,  leaving  a  clear  untwinned 
portion  in  the  center.  The  rock  consists  of  a  uniform  mosaic  of  deformed  and 
for  the  most  part  highly  twinned  calcite  individuals. 

Plate  43,  figure  1,  shows  a  microphotograph  of  a  thin-section  of  the  Carrara 
marble  used  in  the  experiments.  The  individual  grains  have  very  nearly  the 
same  diameter  in  every  direction,  although  diflering  somewhat  in  size  among 
themselves.  Twinning  is  seen  only  in  two  or  three  grains,  and  in  these  is  repre- 
sented by  a  few  broad  lamellee.  The  section  was  photographed  in  ordinary  light 
and  magnified  50  diameters. 

Plate  43,  figure  2,  shows  a  microphotograph  of  the  same  rock  after  having  been 
slowly  deformed  during  124  days  at  a  temperature  of  300  degrees  centigrade.  The 
individual  grains  can  be  seen  to  be  distinctly  flattened,  giving  a  certain  foliation 
to  the  rock,  and  also  to  possess  the  fibrous  appearance  referred  to  as  resulting  from 
polysynthetic  twinning.  It  was  photographed  between  crossed^nicols  and  magni- 
fied 60  diameters. 

When  the  deformation  is  carried  out  at  400  degrees  centigrade,  no  ti'ace  of  cata- 
clastic structure  is  seen. 

An  experiment  was  then  made  in  which  the  marble  was  deformed  at  300  degrees 
centigrade,  but  in  the  presence  of  moisture,  water  being  forced  through  the  rock 
under  a  pressure  of  460  pounds  per  square  inch  during  the  deformation,  which  ex- 
tended over  a  period  of  fifly-four  days,  or  nearly  two  months.  Under  these  con- 
ditions the  marble  yielded  in  the  same  manner  as  when  deformed  at  300  degrees 
centigrade,  in  the  absence  of  moisture,  that  is  by  movemente  on  gliding  planes 
and  by  twinning,  but  without  cataclastic  action.  The  deformed  marble,  however, 
when  tested  in  compression,  was  found  actually  to  be  slightly  stronger  than  a  piece 
of  the  original  marble  of  the  same  shape.  The  structure  developed  was  identical 
with  that  of  the  marble  deformed  at  300  degrees  centigrade  in  the  absence  of  water. 
The  presence  of  water,  therefore,  did  not  influence  the  character  of  the  deforma- 
tion. It  is  quite  possible,  however,  that  there  may  have  been  a  deposition,  of  in- 
finitesimal amount,  of  calcium  carbonate  along  very  minute  cracks  or  fissures, 
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which  thofl  helped  to  maintain  the  strength  of  the  rock.  No  signB  of  such  deposi- 
tion, however,  were  visible. 

By  etadyinii:  the  marble  deformed  at  a  tempeTBtnre  of  300  degrees  centignde,  or 
better  at  400  degrees  centigrade,  it  will  be  seen  that  stmctares  indaced  in  it  by  the 
movements,  and  the  natare  of  the  motion,  are  precisely  the  same  as  those  observed 
in  metals  when  they  are  deformed  by  impact  or  by  compresion.  In  a  recent 
paper  by  Messrs  Ewing  and  Rosenhain,  *' Experiments  in  Micro-metallarf}-: 
Effects  of  Strain,"  which  appeared  in  the  Proceedings  of  the  Royal  Society  of  Lon- 
don, three  photographs  of  the  same  surface  of  soft  iron,  showing  the  resalts  of 
progressive  deformation  under  pressure,  are  shown,  which  photographs  conld  not 
be  distinguished  from  those  of  thin -sections  of  the  marble  described  in  Uie  present 
paper,  at  corresponding  stages  of  deformation.  In  both  cases  the  movements  are 
caused  by  the  constituent  crystalline  individuals  sliding  upon  their  gliding  pUnes 
or  by  poly  synthetic  twinning.  In  both  cases  the  motion  is  facilitated  by  the  appli- 
cation of  heat  The  agreement  between  the  two  is  so  close  that  the  term  "  flow" 
is  just  as  correctly  applied  to  the  movement  of  the  marble  in  compression  under 
the  conditions  described  as  it  is  to  the  movement  which  takes  place  in  gold  when 
a  button  of  that  metal  is  squeezed  flat  in  a  vise,  or  in  iron  when  a  billet  is  paseed 
between  rolls. 

In  order  to  ascertain  whether  the  structures  exhibited  by  the  deformed  marble 
were  those  possessed  by  the  limestones  and  marbles  of  contorted  districts  of  the 
earth's  crust,  a  series  of  forty- two  specimens  of  limestones  and  marbles  from  socb 
districts  in  various  parts  of  the  world  were  selected  and  carefully  stadied.  Of 
these,  sixteen  were  found  to  exhibit  the  structures  seen  in  the  artificially  deformed 
marble.  In  these  cases  the  movements  had  been  identical  with  thoee  developed 
in  the  Carrara  marble.  In  six  other  cases  the  structures  bore  certain  analogiee  to 
those  in  the  deformed  rock  but  were  of  doubtful  origin,  while  in  the  remaining 
twenty  the  structure  was  different. 

The  following  is  a  summary  of  the  results  arrived  at : 

1.  By  submitting  limestone  or  marble  to  differential  pressures  exceeding  the 
elastic  limit  of  the  rock  and  under  the  conditions  described  in  this  paper,  perma- 
nent deformation  can  be  produced. 

2.  This  deformation,  when  carried  out  at  ordinary  temperatures,  is  due  in  part 
to  a  cataclastic  structure  and  in  part  to  twinning  and  gliding  movements  in  the 
individual  crystals  comprising  the  rock. 

3.  Both  of  these  structures  are  seen  in  contorted  limestones  and  marbles  in 
nature. 

4.  When  the  deformation  is  carrieil  out  at  300  degrees  centigrade,  or  better  at 
400  degrees  centigrade,  the  cataclastic  structure  is  not  developed,  and  the  whole 
movement  is  due  to  changes  in  the  shape  of  the  component  calcite  crystals  by 
twinning  and  gliding. 

5.  This  latter  movement  is  identical  with  that  produced  in  metals  by  squeezing 
or  hammering,  a  movement  which  in  metals,  as  a  general  rule,  as  in  marble,  is 
facilitated  by  increase  of  temperature. 

6.  There  is  therefore  a  flow  of  marble  just  as  there  is  a  flow  of  metals,  under 
suitable  conditions  of  pressure. 

7.  The  movement  is  also  identical  with  that  seen  in  glacial  ice,  although  in  the 
latter  case  the  movement  may  not  be  entirely  of  this  character. 
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8.  In  these  experiments  the  presence  of  water  was  not  observed  to  exert  any 
influence. 

9.  It  is  believed,  from  the  results  of  other  experiments  now  being  carried  out 
but  not  yet  completed,  that  similar  movements  can,  to  a  certain  extent  at  least, 
be  induced  in  granite  and  other  harder  crystalline  rocks. 

In  the  discussion  of  Professor  Adams'  paper  remarks  were  made  by 
G.  K.  Gilbert,  B.  K.  Emerson,  J.  K  Wolff,  and  C.  D.  Walcott,  with  re- 
plies by  the  author. 

The  Secretary  made  announcement  of  details  concerning  the  custom- 
ary dinner,  which  was  to  be  at  7  o'clock  in  the  evening,  and  also  con- 
cerning the  reception  tendered  the  Society  by  Doctor  Merrill  on  Friday 
evening. 

The  second  paper  read  was 

OBOMORPHOQENY  OF  THE  KLAMATH  MOUNTAINS 

BT  J.   S.    DILLER 

Daring  the  Neocene  the  Klamath  Mountain  region  of  northwestern  California 
and  southwestern  Oregon  by  long  continued  erosion  was  reduced  to  a  peneplain 
and  the  resulting  marine  sediments  rich  in  fossils  deposited  along  the  ocean  border 
recorded  its  age. 

The  Neocene  strata  were  compressed  and  tilted,  and  with  the  Klamath  peneplain 
and  monadnocks  uplifted  somewhat  differentially  several  hundred  feet  above  its 
former  level. 

The  invigorated  streams  in  the  rather  long  succeeding  epoch  of  stability  cut  wide 
valleys  across  the  peneplain  to  the  coast,  where  extensive  wave-cut  terraces  were 
developed. 

A  much  greater  differential  uplift  followed,  to  an  altitude  for  the  Klamath  pene- 
plain near  the  coast  of  1,200  to  2,000  feet,  and  near  the  crest  of  the  range  7,000  feet, 
causing  the  streams  to  cut  deep  canyons  before  the  close  of  the  glacial  period. 

Near  the  northern  border  of  the  Klamath  mountains  on  the  coast  there  has  been 
a  recent  subsidence  converting  the  lower  courses  of  the  rivers  into  tidal  inlets. 

Remarks  on  the  paper  were  made  by  the  President,  M.  R.  Campbell, 
W.  M.  Davis,  G.  0.  Smith,  and  G.  K.  Gilbert. 

The  next  paper  was  read,  in  the  absence  of  the  author,  by  C.  D. 
Walcott. 

ORIGIN  AND  STRUCTURE  OF  THE  BASIN  RANGES 

BY  J.    K.   SPUBR 

This  paper  is  printed  as  pages  216-270  of  this  volume. 

LXVl— Bull.  Oiol.  Soo.  Am.,  Vol.  12,  1900 
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The  Society  adjourned  for  luncheon.  At  2.30  p  m  the  Society  recon- 
vened, and  the  following  paper  was  read : 

TVFP  COKE  AT  DIAMOSD  HEAD,  HAWAIIAN  ISLANDS 

BT  C.   H.   HrrCHCOCK 

lAhttract] 

Since  the  publication  of  the  paper  on  the  Geology  of  Oahn,^  theaathor  has  hid 
an  extensive  correspondence  with  Doctor  W.  H.  Dall  and  Doctor  S.  K  Bishop,  of 
Honolulu,  respectinK  the  origin  of  this  cone.  The  first  thinks  that  condline  beds 
are  intereinitified  with  the  tuff,  implying  several  periods  of  eruption,  between 
which  the  sea  encroached  on  the  land.  The  second  insists  that  there  was  only 
one  brief  eruption  of  the  tuff  which  produced  the  cone  with  coralline  fngmeots 
included,  aAer  which  eolian  beds  accumulated  on  the  southern  side.  Both  of  thoee 
views  were  briefly  stated.  Doctor  Bishop's  paper,  with  an  excellent  topographic 
map  of  the  cone,  is  printed  in  full  in  the  American  Geologist.! 

The  following  paper  was  then  read  : 

HYPOTHESIS  TO  ACCOUNT  FOR  THE  EXTRA-OLA  CIA L  ABANDONED  VALLEYS  OF 

THE  OHIO  BASIN 

BY   M.    S.   CAMFBRLl. 

[Ah9lrad\ 

The  lower  courses  of  the  Allegheny,  Monongahela,  Kanawha,  Gayandot,  Bif 
Sandy,  and  Kentucky  rivers  are  characterized  by  abandoned  channels,  which 
generally  range  from  100  to  200  feet  above  the  present  streams.  Generally  these 
channels  are  deeply  covered  with  silt,  but  sometimes  the  rock  floor  is  only  par- 
tially obscured  by  a  thin  layer  of  sand  and  gravel.  The  streams  which  have 
forsaken  these  valleys  have  sought  new  routes,  along  which  they  have  carved  deep 
channels  through  the  upland  to[)ography.  Teay  valley,  in  West  Virginia,  is  per- 
haps the  most  noted  example,  but  the  old  channels  atCarmichael  and  Masontown, 
on  the  Monongahela  river,  and  opposite  Parker,  on  the  Allegheny  river,  are  also 
well  known. 

No  reason  has  been  assigned  for  the  abandonment  of  these  channels ;  they  cau 
not  be  considered  as  "ox-bows,''  and  they  are  all  beyond  the  limit  of  glacial  ice. 
The  present  hypothesis  seeks  to  explain  them  through  the  breaking  up  of  river 
ice  and  the  formation  of  local  ice-dams  which  were  of  sufiicient  height  to  force  the 
water  over  the  lowest  divide  in  the  rim  of  the  basin  and  which  persisted  long 
enough  for  the  stream  to  intrench  itself  in  its  new  position. 

The  paper  was  discussed  by  I.  C.  White,  W.  M.  Davis,  G.  K.  Gilbert,  and 

•  Bull.  Geol.  Soc.  Am.,  vol.  xi,  pp.  15-60. 

t  Amer.  Oeologist,  vol.  xxvii,  January,  1901,  pp.  1-6. 
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A.  P.  Brigham.    The  follQwing  communication  from  E.  H.  Williams,  Jr., 
was  read  by  the  Secretary  as  a  part  of  the  discussion  : 

THE  ALLEGED  PARKER  CHANNEL 
BY  K.    H.    WILLIAMS,  JR. 

The  Allefcheny  river  from  Irvineton  to  Red  Bank,  Pennsylvania,  marks  approx- 
iinHtely  the  edge  of  the  earliest  glacier.  The  ice  moving  up  the  valleys  of  north  west- 
ern Pennsylvania  went  against  drainage  and  produced  slack  water  which  has  left 
its  deposits  throughout  the  western  part  of  the  state.  The  elevation  of  this  water 
varies.  About  Warren  it  is  above  1,600  feet  above  tide;  about  Franklin,  above 
1,400  feet  above  tide,  and  this  level  is  carried  to  Foxburg,  which  is  immediately 
abovcf  Parker  and  not  far  from  the  northern  end  of  the  vertically  walled  gorge,  that 
replaces  the  valleys  with  sloping  sides  which  obtain  above  Emlenton  and  below 
Monterey.  Below  the  level  of  slack  water  we  find  the  surface  capped  with  a  de* 
posit  varying  from  sand  to  clay  locally,  and  from  a  few  inches  in  thickness  to  many 
feet.  It  extends  down  to  the  present  drainage  levels,  and  is  stratified  parallel  to 
the  underlying  contours,  so  that  we  can  conclude  that  those  contours  were  deter- 
mined before  the  deposition.  In  this  slack  water  were  dropped,  wherever  shoul- 
ders of  hills  produced  eddies,  deposits  varying  from  clean  sand  to  accumulations 
of  boulders.  The  line  of  the  current  is  shown  by  thin  deposits  and  by  the  bosses 
of  hard  rock  polished  by  the  sands  and  lying  with  slight  covering. 

The  alleged  abandoned  channel  near  Parker  has  been  noticed  so  frequently  that 
it  need  not  be  described.  It  is  sufficient  to  say  that  its  highest  part  is  about  250 
feet  above  the  rock  floor«of  the  Allegheny,  and  190  feet  above  water  level.  The 
glacial  water  level  was  500  feet  higher,  or  over  300  feet  above  the  highest  part  of 
this  alleged  channel,  so  that  the  gravels  in  the  channel  could  have  been  laid  down 
from  the  overwash  of  the  glacier  and  should  vary  in  thickness  and  character  ac- 
cording to  the  manner  in  which  the  surface  was  presented  to  the  glacial  discharge. 
This  variation  is  seen  readily  on  examining  the  region,  as  within  short  distances 
we  find  at  the  same  levels  erratics  and  local  fragments :  rolled  here,  and  locally 
angular  there.  Sections  show  the  same  variation  and  disclose  the  fact  that  the 
gravels  do  not  rest  on  a  bottom  of  uniform  level.  A  number  of  oil  wells  have  been 
driven  through  this  alleged  river  bottom.  One  of  them  was  a  mile  from  the  river 
and  the  drive- pipe  passed  through  50  feet  of  gravel  underlaid  by  the  same  thick- 
ness of  quicksand.  The  bottom  of  the  pipe  was  therefore  about  50  feet  above 
present  water  level  of  the  Allegheny.  Wherever  thick  sections  can  be  studied 
they  present  strata  parallel  to  the  old  contours  except  in  a  bar  laid  in  the  south - 
em  part  of  this  alleged  channel,  which  rises  on  all  sides  from  the  average  level  of 
the  filling,  and  its  strata  lie  parallel  to  its  surface. 

There  are  many  other  £Eu;t8  which  can  not  be  brought  forward  in  small  compass, 
Bnch  as  the  difference  in  levels  of  local  deposits  on  opposite  sides  of  the  valley, 
etcetera,  which,  combined  with  what  had  been  given  above,  show  that  two  short 
eide  valleys  rise  on  opposite  sides  of  a  low  col  and  debouch  into  the  Allegheny 
gorge  within  a  mile  of  one  another,  and  in  glacial  times  these  two  valleys  were 
filled  by  overwash  deposits  mingled  with  material  from  the  immeiately  adjacent 
slopes. 
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The  next  paper  was  presented  without  discussion  : 

APPARENT  UH  con  FORM  I  TIBS  DURING  PERIODS  OF  CONTiyUOVS 

SEDIMENTATION 

BT  G.    B.   8HATTUCK 

The  last  paper  of  the  day  was  the  following : 

ORIGIN  AND  AGE  OF  AN  ADIRONDACK  AUG  ITS  SYENITE* 

BT  H.   P.   CC8RINO 

{Abitraei} 

Recent  field  work  has  shown  that  there  is  a  great  hody  of  eruptive  rocks  in  tlie 
heart  of  the  Adirondacks  comprising  gabhros,  anorthoeites,  syenites,  and  gnmites 
which  grade  into  one  another  and  represent  outflows  fix>ni  a  common  sonroe,  not 
widely  separated  in  time.  The  order  of  eruption  was  anorthosite,  syenite,  granite, 
and  gabbro.  Analyses  were  presented  showing  many  intermediate  types.  These 
intrusives  are  younger  than  the  sedimentary  gneisses  of  the  region  and  than  some 
of  the  igneous  gneisses  also.  All  show  some  differentiation  in  nte,  though  of  not 
great  amount  The  syenite  proyes  to  be  a  most  important  rock  in  the  region,  oc- 
cupying an  area  equally  as  great,  if  not  greater,  than  does  the  anorthosite.  It 
ranges  toward  the  anorthosite  on  the  one  hand  and  toward  the  granite  on  the 
other,  all  intermediate  varieties  being  fonnd.  Much  of  it  was  porphyritic  and  now 
occurs  as  an  augen  gneiss,  whose  eruptive  nature  and  original  structure  are  per- 
fectly apparent.  There  is  also  in  the  region  much  thoreughly  gneiseoid  rock,  of 
the  same  general  appearance  and  composition,  which  is  often  closely  involved  with 
other  sorts  of  gneiss.  This  may  be  in  part  older,  though  no  evidence  is  yet  at 
hand  which  would  seem  to  indicate  that  this  is  so.  In  tbeabeenceof  such,  the 
author's  present  disposition  is  to  group  all  together,  accounting  for  the  differences 
as  due  to  variation  in  the  severity  of  metamorphism  from  place  to  place. 

The  paper  was  discussed  by  J.  F.  Kemp,  A.  P.  Coleman,  and  the  author, 
and  will  be  printed  as  a  bulletin  of  the  New  York  State  Museum. 

The  Society  then  adjourned.  No  evening  session  was  held,  but  the 
Fellows  of  the  Society,  with  a  few  guests,  had  the  annual  dinner  at 
Keeler's  hotel.  The  address  of  welcome,  deferred  from  the  opening  ses- 
sion, was  made  by  Doctor  T.  Guilford  Smith. 


Session  of  Friday,  December  28 

The  Society  met  at  9.30  a  m,  President  Dawson  in  the  chair. 
The  report  of  the  Council  was  taken  from  the  table  and  adopted  with- 
out debate. 

*Tht8  paper  is  presented  b^  perni)s9ion  of  the  state  geologist. 
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The  Auditing  Committee  reported  that  the  Treasurer's  accounts  had 
been  found  to  be  correct,  and  the  Society  adopted  the  report. 

The  Committee  on  Photographs  submitted  the  following  report,  read 
by  the  Secretary : 

BLBVBNTH  ANNUAL  RBPORT  OP  THB  COMMITTBB  QN  PHOTOGRAPHS 

During  the  past  year  the  collection  of  photographs  belonging  to  the 
Geological  Society  of  America  has  been  increased  by  120  views  contrib- 
uted by  the  Director  of  the  United  States  Geological  Survey.  They  are 
described  in  the  list  below.  These  prints  have  not  yet  been  delivered, 
but  they  will  soon  be  ready.  Most  of  them  are  to  be  mounted  on  muslin 
for  economy  in  bulk.  No  ofiFers  of  prints  have  been  received  from  other 
members  of  the  Society. 

The  collection  now  numbers  2,033  photographs,  which  are  carefully 
stored  in  the  Geological  Survey  building  and  easily  accessible.  It  con- 
tains a  large  amount  of  valuable  material,  and  every  year  a  moderate 
number  of  copies  are  ordered  for  illustrations  for  text-books  and  various 
other  educational  purposes.  It  is  to  be  regretted  that  more  extensive 
use  is  not  made  of  the  collection. 

Members  of  the  Society  are  requested  to  make  additional  contribu- 
tion, but  it  should  be  carefully  selected  so  as  to  include  only  views  which 
clearly  illustrate  geologic  features  or  phenomena  of  general  interest,  for 
the  collection  now  contains  15  or  20  per  cent  of  material  which  the  com- 
mittee does  not  regard  as  of  general  interest  or  likely  to  be  useful  for 
geological  illustrations.  The  collection  would  be  greatly  benefited  by 
the  elimination  of  such  views. 

The  suggestion  is  offered  that  during  the  coming  year  a  complete  list 
of  the  photographs  be  published  as  a  brochure  of  the  Bulletin.  It  would 
be  a  reproduction  of  the  lists  which  have  been  included  in  the  Proceed- 
ings for  the  last  ten  years,  but  it  is  believed  that  such  a  publication, 
with  classified  subject  index,  would  greatly  increase  the  usefulness  of 
the  collection. 

Respectfully  submitted.  N.  H.  Darton, 

Ckymmitiee. 

RBQISTBR  OF  PHOTOGRAPHS  RBCBIVBD  IN  1900 

m 

Presented  by  the  United  States  Geological  Survey 
Seven  6}  x  8}  photographs,  by  C.  D.  Walcott 

(657).  Ix)wer  Paleozoic  section  in  cliffs,  north  side  of  canyon,  north  fork  of 
Dearborn  river,  Lewis  and  Clarke  county,  Montana. 

(t>59).  Carboniferous  limestone  cliff  of  mount  Dearborn,  north  fork  of  Dear- 
born river,  Lewis  and  Clarke  county,  Montana. 
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(670).  Haystack  butte  from  the  east,  with  hay  ranch  in  the  foreground.    A 

typical  volcanic  neck. 
(673).  Mount  McDonald  from  the  east,  Mission  range,  Montana. 
(674).  Glaciers  on  Mission  range,  southeast  of  mount  McDonald,  Montana. 
(629).  Eroded,  cross- bedded  Crcftaceous  sandstone,  north  of  the  north  fork  of 

Sun  river,  1  mile  east  of  Rocky  Mountain  front,  Teton  coonty, 

Montana. 
(629).  Eroded,  cross-bedded  Cretaceous  sandstone,  north  of  north  fork  of 

Sun  river,  1    mile  east  of  Kocky  Mountain  front,  Teton  coanty, 

Montana. 

Eiglit  8  z  10  photographs,  by  C.  Whitman  Cross 

(453).  Granite  cut  by  veins  of  quartz,  feldspar,  and  biotite.    In  the  canyou 

of  Animas  river,  opposite  Tenmile  creek,  Colorado,  on  railroad  track. 
(465).  View  of  Silverton  from  toll  road,  at  east  base  of  Sultan  mountain. 

Shows  Animas  flood  plain,  mouth  of  Mineral  and  Cement  creeks, 

etcetera,  Colorado. 
(473).  From  bench  (with  cabin)  at  11,000  feet,  on  north  side  of  Mclntyre 

gulch,  looking  across  Re<l  Creek  valley,  southeast    Shows  landslide 

topography  of  ridge,  north  of  Corkscrew  gulch,  Colorado. 
(475).  From  knoll  near  cabin,  at  mouth  of  Galena  Lion  gorge,  looking  east 

across  Red  creek.    To  show  details  of  landslide  topography  on  slofw 

between  Corkncrew  gulch  and  Red  mountain,  Colorado. 
(481).  View  from  knoll  at  mouth  of  Gray  Copper  gulch,  looking  north  down 

length  of  Ironton  park,  Colorado.    Saratoga  mine  buildings  on  the 

right. 
(483).  From  bench  at  11,500  feet,  north  of  Full  Moon  gulch,  Colorado,  looking 

down  valley  of  Red  creek.     Cliffs  on  San  Juan  tuff  on  the  left.  . 
(485).  Rock  glacier  of  Silver  basin.     From  talus  slope  on  east  side  of  Iwsin. 

Shows  relation  of  glacier  to  basin.     CarilK>u  mine,  Colorado. 
(488).  Putoise  peak  from  Silver  basin,  looking  north  across  Canyon  creek, 

Colorado. 

Pileven  8  x  10  photographs,  by  N.  H.  Darton. 

(754).  Sandstone  dike,  southeast  of  Maitland,  in  Benton  shales.     Black  hills, 

South  Dakota. 
(746).  Beecher  rocks.     Erosion  in  pegmatite,  south  of  Custer,  South  Dakota. 
(780).  01igo<!ene  cross- bedded  gravel  in  railroad  cut,  south  of  Fairbum,  Soath 

Dakota. 
(740).  Devils  tower  from  south. 
(736).  Devils  tower  from  a  mile  south  ;  shows  base. 
(738).  Devils  towdV;  near  view. 
(739).  Devils  tower,  west  side;  near  view, 
(745).  Columnar  structure  of  phonolite.     Inyankara  mountain.  Crook  connty, 

Wyoming. 
(748).  Overturned  tree,  with  roots  lifting  rock  fragments.    West  side  of  Black 

hills,  Weston  county,  Wyoming. 
(742).  Sundance  mountain;  showing  talus  cones  of  trachyte  near  Sundance, 

Wyoming. 
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(779).  Dakota  and  Lakota  sandetones  through  upper  |i;ateway  to  Perry  park, 
Bouth  of  Denver,  Colorado. 

Twenty-three  6}  x  8}  photographs,  by  Bailey  Willis 

(163).  Ck)lumbiavalley,  Washington,  southeast  of  lake  Chelan;  looking  north- 
east across  the  river  to  the  terraces  of  Pleistocene  age  and  the  high 
plateau  of  Miocene  basalt. 

(167).  Navarre  coulee,  lake  Chelan,  Washington.  Torrent  wash  due  to  cloud- 
burst on  granite  slopes  in  arid  climate. 

(182).  Lake  (}helan,  Washington,  exhibiting  the  canyonlike  gorge  which  the 
lake  occupies. 

(183).  Lake  Clielan,  Washington.  View  northward  across  eastern  end  of  lake, 
showing  terraces  produced  during  glacial  occupation  of  the  lake  basin 
in  lakelets  between  the  ice  and  the  land. 

(193).  East  end  of  lake  Chelan,  Washington.  Detailed  view  of  drift  dam, 
showing  cross-stratified  sandy  clays  covered  by  till,  gravel,  wash,  and 
turf  in  ascending  succession.  Between  the  till  and  the  cross- stratified 
sands  are  pockets  of  coarse  gravels  and  boulders,  which  probably 
correspond  to  stream  channels. 

(194).  Lake  Chelan,  Washington,  and  outlet  General  view  of  the  drift  dam 
and  the  site  of  Chelan. 

(196).  Stehekin  valley,  about  2  miles  east  of  Cascade  pass.  Cascade  range, 
Washington ;  showing  the  profile  due  to  profound  erosion  followed 
by  glaciation. 
Cascade  pass.  Cascade  range,  Washington.  Basin  at  the  head  of 
Stehekin  east  of  the  pass,  showing  the  character  of  the  glacial  amphi- 
theaters and  the  remnants  of  glaciers  still  lingering  among  the  heights. 

(200).  Cascade  pass,  Cascade  range,  Washington.  View  from  the  summit  of 
the  pass,  5,300  feet,  southward  to  the  headwaters  of  Cascade  river. 
The  high  peaks  rise  to  about  8,800  feet. 

(201).  Cascade  pass.  Cascade  range,  Washington.  Clifis  of  hornblendic  gneiss 
immediately  south  of  the  pass,  about  3,000  feet  in  height,  exhibiting 
vertical  jointing. 

(202).  Cascade  pass,  Casciide  range,  Washington.  Glacier  and  basin  at  the 
head  of  Stehekin  river. 

(204).  Basin  peak.  Cascade  range,  Washington,  north  of  Cascade  pass.  View 
of  doubtful  lake  and  slope  of  the  mountain,  showing  joint  systems, 
which  are  commonly  mineralized. 

(207).  Cascade  pass,  Cascade  range,  Washington.  Typical  glacier  of  the 
northern  Cascade  range,  showing  a  n^v^  and  the  incipient  ice-stream, 
with  crevasses. 

(208).  Detail  of  number  207,  showing  stratification  of  the  ice  and  structur^e  of 
the  glacier.  Taken  from  the  same  point  as  number  207  with  long- 
focus  lens. 

(210).  Cascade  pass.  Cascade  range,  Washington.  View  from  an  elevation  of 
about  7,500  feet  southeastward  down  the  Stehekin  valley.  The 
mountain  summits  &11  into  a  general  plane,  which  was  a  lowland  of 
late  Pliocene  time  and  is  now  elevated  8,000  feet  above  sea  and  pro- 
foundly dissected. 
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(212).  Oaacade  pass,  Oascade  range,  Washington.  A  typical  glacier  of  the  high 
Gascades,  showing  the  character  of  crevassing  and  terminal  moraines. 

(216).  Lake  Chelan,  Washington ;  looking  down  lake,  showing  Round  moun- 
tain and  hanging  valley  of  Railroad  creek. 

(218).  Lake  Chelan,  Washington ;  looking  south  across  the  eastern  end  of  the 
lake  to  Lakeside  and  Chelan  butte.  A  glacial  terrace  and  poet-glacifll 
ravine  are  conspicuous  in  the  front  of  the  butte. 

(221).  Columbia  river,  Washington,  east  of  lake  Chelan.  View  down  the 
valley  from  terrace  to  8  miles  north  of  outlet  of  the  lake.  Terracing 
on  the  east  bank  of  the  river  is  due  to  the  occupation  of  the  valley 
by  a  lobe  of  the  Okanagan  glacier. 

(227)  Gravel  terraces  of  stream  origin  in  the  delta  of  Chelan  river,  at  its 
junction  with  the  Columbia. 

(228).  Columbia  river,  east  of  lake  Chelan,  Washington,  showing  sand  dunes 
resulting  from  floods  and  sediment  of  the  Chelan  river. 

(231).  Chelan  falls,  Columbia  river,  Washington,  looking  south  from  near  the 
outlet  of  lake  Chelan.  The  valley  and  foreground  were  occupied  bj 
a  lobe  of  the  Qkanagan  glacier,  which  extended  down  stream  to  the 
even-topped  terrace.  The  terrace  is  600  feet  above  the  Columbia, 
and  represents  a  filling  during  the  Glacial  epoch  which  has  subse- 
quently been  in  large  part  removed. 

(223).  Delta  of  Chelan  river,  at  its  junction  with  the  Columbia,  Washington. 

Sixty -four  4x5  Alaska  photographs,  by  F.  C.  Schrader 

(147).  Dewey  creek,  and  topography  opposite  Konsina  on  the  east  side  of 

Copper  river. 
(161).  Foothills  and  mountains  on  Copper  river,  above  Tasnuna. 
(150).  Cleve  valley  from  moraine  near  foot  of  glacier. 

Foot  of  Woods  canyon  on  Copper  river,  looking  up  stream. 
(115).  Mount  Drum  in  center  and  Tillman  in  extreme  right.    Copper  river 

district. 
(120).  Looking  down  the  Copper  river,  showing  mountains  below  Chettyna. 
(137).  Mount  Blackburn,  month  and  delta  of  Chettyna  river. 
(139).  *'  Stick  "  natives — ^family,  dogs,  house,  and  fish  racks. 
(181).  On  Tasnuna  river.    Front  of  Wood  Worth  glacier.    Shows  topography 

of  moraine-covered  ice-front. 
(185).  Woodworth  glacier  near  foot,  where  cut  by  Tasnuna  river. 
(179).  Tasnuna  river  at  foot  of  First  glacier. 
(195).  On  Tasnuna  river.    Quartz  gash  veining  in  blue  quartz  schist  bedrock, 

i  mile  above'^canyon ;  looking  north.     , 
(20).  Chugatch  mountains.    Sheep  mountain  (4,200  feet)  and  vicinity ;  on 

south  side  of  Port  Valdes,  above  Swanport    In  right  of  center  is 

Solomons  basin;  left  of  center,  mount  X  (5,000  feet)  and  Sheep 

Mountain  canyon.    From  Giant  Rock  island  number  1,  looking  east 
(52).  Valdes  and  mountains  on  north;  mount  West  in  right.     From  east 

beach  and  foot  of  delta. 
(2).  Dyea ;  mouth  of  valley  and  mountains  on  east.    From  roadside  blaff 

south  of  bridge. 
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(18).  Range  along  north  shore  of  Port  Valdee.    From  Potato  point. 
(76).  Foot  of  Valdes  glacier,  showing  moraine-covered  crevasse  ridge  topog- 
raphy in  ice. 
(66).  Port  Valdes.    Pack  train  (Lowe's)  ascending  terminal  moraine  in  front 

of  Valdes  glacier ;  looking  up. 
(72).  Valdes  glacier.    Seirtion  of  crevasse  and  ridge ;  ice  topography,  with 
mountains  in  east  2  miles  distant,  an<l  elevated  serac  feeder  in  right. 
From  (government  trail  on  west  edge  of  glacier,  2  miles  above  foot, 
at  base  of  mountains,  looking  across  the  glacier. 
Looking  south  from  Valdes  over  glacial  delta  to  Chugatch  mountain. 
(85  and  86).  Summit  of  Valdes  glacier,  near  Klutena  glacier. 
(103).  Klutena  river  at  Devils  elbow. 

(100).  Silt  hhiSs  on  east  side  of  Klutena  river.     From  terrace  on  west,  150 
feet  above  river;  looking  across  the  valley  and  river. 
«       View  across  Glacier  creek,  valley  of  upper  Snake  river  near  Nome. 
Anvil  Creek  valley  near  Nome.    Bering  sea  and  tundra  in  distance. 
Anvil  Creek  diggings,  Nome. 
(433).  Mountainous  topography  of  Nome  River  valley. 
(438).  Snake  River  valley  in  vicinity  of  Nome,  showing  merging  of  tundra 

into  alluvium. 
(424).  Part  of  Nome  tundra,  Nome,  Sledge  island  and  Bering  sea  in  distance. 
(442).  Edge  of  tundra  and  beach  of  Nome. 
(440).  Nome  beach  diggings. 

(443).  Nome  beach  gravels,  auriferous  ruby  sand  at  base. 
(7).  Down  Gens  de  Larg  river  from  sand  dune ;  looking  south  10  degrees 

east. 
(24).  Till  Bluff  terrace,  from  north  shore  of  Gens  de  Larg  river,  75  miles 

above  mouth  of  river ;  looking  north  70  degrees  east. 
(243).  Juneau,  from  rear  edge  of  town  ;  looking  southwest  across  Castinyas 

channel  to  Tread  well  mines,  on  Douglas  island. 
(249).  Faulted  graywacke,  shale,  and  sandstone  in  young  rock  series;  from 
above  camp  41 ;  looking  west. 
(42).  Valley  tributary  to  the  Gens  de  Larg  alignment  of  mountain  ridges ; 
from  station  4,  112  miles  above  mouth  of  river;  looking  south  80 
degrees  west. 
(107).  Lower  side  of  gulch  and  topography  above  Green  mountain,  in  the 
middle  of  valley,  about  180  miles  above  mouth  of  river ;  looking 
north  40  degrees  east. 
(113).  Dark  limestone,  with  schistosity  and  quartz,  i  mile  above  camp  27, 
189}  miles  above  mouth  of  Gens  de  Larg  river;  looking  south  43 
degrees  west. 
(58).  Gensde  Larg  rapids,  128  miles  above  mouth  of  river ;  from  west  bank ; 
looking  north  45  degrees  east. 
(122).  Plateau  and  mountains  near  head  forks,  Gens  de  Larg  river;  from 
Fork  point,  about  7  miles  above  camp  28,  at  mouth  of  Portage  creek, 
or  204  miles  above  mouth  of  river;  looking  north  75  degrees  east. 
(139).  View  up  Portage  creek  and  canyon,  from  station  12,  near  mouth  of 
Portage  creek,  at  about  1  mile  above  camp  28, 194  miles  above  mouth 
of  river ;  looking  south  13  degrees  west. 

LXVII— Bull.  Oiol.  Soc.  Am.,  Vol.  12,  1900 
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(118.)  Down  Gens  de  Larg  River  valley,  showing  north  side  from  camp  28, 

at  mouth  of  Portage  creek,  193  miles  above  mouth  of  river;  looking 

north  75  de^ees  west. 
(119).  View  down  Gensde  Larg  River  valley,  south  side  from  camp  28,  at  the 

mouth  of  Portage  creek,  193  miles  above  mouth  of  river;  looking 

south  65  degrees  east. 
(174).  Mountains  of  limestone  and  mica-schist,  down  north  side  of  Robert 

craek ;  from  Horace  peak,  6,000  feet,  on  headwaters  of  Koyukuk 

river,  652  miles  above  its  month  ;  looking  north  25  degrees  west 
Mountains  of  limestone  and  mi<ta-schist,  down  north  side  of  Rol)er, 

creek ;  from  Horace  peak,  6,000  feet,  on  headwaters  of  Koyukuk 

river,  652  miles  above  its  mouth  ;  looking  south  65  degrees  west 
Mountainous  region,  on  headwaters  of  Koyukuk  river. 
(220).  Beginning  of  clay  and  gravel  bluffs  in  Middle  fork,  Koyukuk  river, 

above  mouth  of  Baker  creek,  one*eighth  of  mile  above  camp  36,  606 

miles  above  mouth  of  Koyukuk  river ;   looking  north  59  degrees 

west. 
(196).  limestone  ridge  and  gully;   weathering.    On  north  side  of  Bettlee 

river,  ]  i  miles  below  camp  33,  628  miles  above  the  mouth  of  Keyukak 

river. 
(213).  l^ountains  of  limestone  and  mica-schist  on  east  side  of  Diedrick  river, 

from  station  19,  on  Fault  mountain,  5,400  feet;   looking  south  85 

degrees  east.     Faulting  of  limestone  in  right. 
(242).  Canyons  in  young  rock  series,  1  mile  below  Tramway  bar;  looking 

north  30  degrees  west. 
(229).  Sluicing  the  gold  placers  by  Elsingson  party  on  claim  11,  Myrtle  creek; 
*    *         looking  north  20  degrees  east. 
(224).  Gold-bearing  schist,  showing  cleavage  and  attitudes  of  rock  in  bed  of 

Myrtle  creek ;  looking  north  60  degrees  east. 
Young  rock  series  of  sandstone  and  conglomerate  with  some  lignite, 

8  miles  above  camp  38 ;  looking  north  65  degrees  west. 
(377).  Elephant  mountain;  from  3  miles  above  mouth  of  Koyukuk  river; 

looking  south  49  degrees  west. 
(353).  View  down  Koyukuk  river,  showing  low  plateau  topography,  ripple- 
marks,  and  native  village  in  distance;    135  miles  above  mouth  of 

river.' 
(390).  View  down  Yukon  river,  showing  Nulato  plateau,  from  J  mile  above 

edge  of  flats,  on  riglit  bank  of  V'ukon,  between  Koyukuk  station 

and  Pickart's  coal  mine;  looking  south  45  degi*ees  west. 
(370).  Up  Koyukuk  river,  showing  flats  with  rock  plateau  and  mountains  in 

rear;  26  miles  above  mouth  of  river;  looking  north  65  degrees  west. 
(280).  Bergman  and  edge  of  young  rock  series  plateau.     Camp  47,  opposite 

Bergman;  looking  north- north  west  across  Koyukuk  river. 

Five  6i  X  81  photographs,  by  H.  W.  Turner 

(9).  Monoclinal  ridge  capped  by  basalt  at  north  end  of  Clayton  valley, 
Nevada.     (1899. ) 
(12).  T^acustral  marls  of  the  Esmeralda  formation  at  the  east  base  of  the 
Silver  Peak  range  south  of  the  Immigrant  road,  Nevada.     (1899.) 


PHOTOGRAPHS   DONATED   TO   THE  SOCIETY  471 

(14).  Faalt  sarface  in  the  foothills  of  the  Silver  Peak  range  flouthweat  of 

Clayton  valley,  Nevada.    The  rock  is  rhyolite-tuff.     (1899.) 
(17).  Group  of  cones  formed  by  the  unequal  erosion  of  rhyolite-tuff  in  the 

foothills  of  the  Palmetto  mountains  south  of  Clayton  valley,  Nevada. 

(1899.) 
(18).  A  single  cone  of  rhyolite-tuff  from  the  same  locality  as  nu^mber  17,  in 

the  foothills  of  the  Palmetto  mountains,  Nevada.     (1899.)  , 

Six  4x5  photographs,  by  J.  A.  Taff 

(31).  Recumbent  fold  in  sandstone,  Saint  Louis  and  San  Francisco  railway, 

south  base  of  Winding  Stair  mountain,  Indian  territory. 
(31).  Recumbent  fold  in  sandstone,  Saint  Louis  and  San  Francisco  railway, 

south  base  of  Winding  Stair  mountain,  Indian  territory.    Panorama. 
(63).  Faulted  sandstone  and  shale,  Kansas  City  Southern  railway,  1  mile 

southeast  of  Houston,  Indian  territory. 
(64).  Faulted  sandstone  and  shale,  Kansas  City  Southern  railway,  1  mile 

southeast  of  Houston,  Indian  territory. 
(34).  Faulted  sandstone  and  shale,  Kansas  City  Southern  railway,  1  mile 

southeast  of  Houston,  Indian  territory. 
(35).  Faulted  sandstone  and  shale,  Kansas  City  Southern  railway,  1  mile 

east 

The  suggestions  in  the  report  of  the  Photograph  Committee  were  dis- 
cussed by  several  Fellows,  and  it  was  voted  to  accept  the  report  and  to 
refer  the  suggestions  to  the  Council  for  report  to  the  Society  the  next  day. 

The  first  paper  of  the  scientific  program  was 

LA  VRENTIAN  LIMESTONES  OF  BAFFINLAND 

BY   ROBEBT  BELL 

[Abstract] 

The  discovery  of  great  quantities  of  crystalline  limestones  in  Baffinland  was 
announced  in  the  writer's  summary  report  for  1897.  Geographical  position  and 
physical  a8f)ect  of  the  region  described.  General  character  of  the  Laurentian  sys- 
tem in  Hudson  straits.  The  rocks  of  the  north  side  are  newer  or  Upper  Lauren- 
tian, as  far  as  known,  and  differ  from  those  of  the  south  shore.  Regularity  of 
strike  and  dip.  Enormous  development  of  crystalline  limestones  in  southern 
Baffinland.  Their  general  characters.  Great  thickness  of  the  beds,  some  of  them 
being  over  a  mile  and  running  regularly  for  long  distances.  Evidently  stratified 
aqueous  deposits.  Questions  as  to  the  origin  of  such  limestones.  The  associated 
rocks  and  minerals.  Owing  to  the  absence  of  trees,  the  limestones  are  conspicuous 
in  the  landscape.  Not  more  eroded  than  the  gneisses.  Comparison  with  lauren- 
tian limestones  elsewhere.  Former  physical  conditions  and  the  older  and  newer 
glaciations  of  Baffinland  as  affecting  the  limestones.    The  existing  glaciers  there« 
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The  next  paper  was 

STBBBOQBA  PHIC  PROJECTION  IN  MA  P  CONSTR  UCTION 

BY  SAMUEL  L.   PBNFIKLD 

The  two  following  papers  were  read  by  title : 

KBBWATIN  ABBA  OF  BA8TBBN  AND  CBNTRAL  MINNESOTA 

dY  C.   W.   HALL 
KEWEBNA  WAN  ABBA  OF  EASTBBN  MINNESOTA 

BY  C.   W.    HALL 

These  papers  are  printed  as  pages  313-342  and  343-376  of  this  volume. 
The  following  paper  was  read  by  the  senior  author : 

PALEOZOIC  LIMESTONES  OF  KITTATINNY  VALLEY,  NEW  JERSEY 
BY  H.    B.    Kt^HMBL  AND  STUABT  WBLLBR 

The  paper  was  discussed  by  M.  R.  Campbell,  N.  S.  Shaler,  J.  M.  Clarke, 
and  J.  F.  Kemp.     It  is  printed  as  pages  147-164  of  this  volume. 

The  last  paper  of  the  morning  session  was  the  following : 

SILUBIAN  AND  DEVONIAN  LIMESTONES  OF  TENNESSEE  AND  KENTUCKY 

BY   AUGUST  P.    rOBRSTB 

This  paper  is  printed  as  pages  395-444  of  this  volume. 

A  recess  was  taken  for  lunch. 

The  Society  reconvened  at  2.30  p  m,  with  Vice-President  Walcott  in 
the  chair. 

The  paper  of  Doctor  Foerste,  read  before  the  recess,  was  taken  up  for 
discussion,  and  remarks  were  made  by  M.  R.  Campbell,  H.  S.  Williams, 
A.  W.  Grabau,  and  N.  S.  Shaler. 

The  next  paper  was  not  read,  but  an  abstract  presented  in  the  form  of 
the  following  remarks : 

POINTS  INVOLVBli  IN  THE  SILURO-DEVONIAN  BOUNDARY  QUESTION 

BY   H.   8.    WILLIAMS 

[Abstract} 
The  differences  of  opinion  which  have  been  expressed  regarding  the  place  in 


^ 
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the  New  York  and  other  sections  of  America  where  the  Siluro- Devonian  boundary 
ahoold  be  drawn  are  of  three  kinds,  namely : 

(1)  Matters  of  fact. 

(2)  Matters  of  interpretation. 

(3)  Matters  of  usage. 

(1)  The  paleontolog^ic  facts  regarding  the  resemblance  of  the  Lower  Helderberg 
faunas  to  Devonian  faunas  have  been  thoroughly  presented.  The  facts  regarding 
the  resemblance  of  the  Chapman  fauna  to  the  standard  Tilestone  (Silurian)  fauna 
of  Europe  have  been  announced,  but  have  not  been  fully  described  or  illustrated, 
and  therefore  are  not  open  for  general  discussion. 

(2)  The  questions  of  interpretation  are  dependent  on  knowledge  of  the.fiicts,  and 
while  there  is  difference  of  opinion  at  the  present  time,  the  author  believes  this  is 
due  chiefly  to  comparative  ignorance  on  the  part  of  all  concerning  the  Upper  Lud- 
low and  Tilestone  faunas  of  Europe  and  their  supposed  equivalents  in  America. 
Until  the  facts  can  be  brought  to  the  knowledge  of  all  parties  interested,  discus- 
sion is  not  likely  to  result  in  correct  conclusions. 

(3)  Matters  of  usage  (namely,  nomenclature  and  classification)  are  dominated  by 
the  fundamental  principle  of  priority.  The  first  scientifically  defined  name  or 
classification  is  entitled  to  take  precedence  of  all  new  names  and  classifications 
until  the  old  one  can  be  shown  to  be  wrong.  Established  usage  in  names  and 
classifications  is  assumed  to  be  correct  until  its  error  is  scientifically  demonstrated. 
The  burden  of  proof  is  with  those  who  criticise.  New  names  are  not  entitled  to  a 
place  in  science  unless  they  are  names  for  new  facts.  A  geological  formation  be- 
longs in  the  generic  group  of  formations  in  which,  by  common  usage,  it  has  been 
included  until  sufficient  reason  can  be  shown  for  excluding  it. 

In  consideration  of  these  points,  the  author  urges  geologists  to  refrain  from 
changing  established  usage  regarding  the  position  of  the  Siluro- Devonian  boundary 
in  American  rocks  until  the  facts  regarding  the  relationship  of  the  newly  discov- 
ered Chapman  fauna  to  the  Tilestone  fauna  of  Europe  can  be  properly  presented 
to  paleontologists  for  their  judgment. 

The  following  paper  was  read  by  the  author : 

KNOYDART  FORMATION  OF  NOVA  SCOTIA 

BY  H.   M.   AMI 

Remarks  were  made  on  the  paper  by  H.  S.  Williams,  N.  S.  Shaler, 
and  the  author.    The  paper  is  printed  as  pages  301-312  of  this  volume. 

In  the  absence  of  the  author,  the  following  paper  was  read  by  title: 

AGE  OF  THE  COALS  AT  TIPTON,  BLAIR  COUNTY,  PENNSYLVANIA* 

BY    DAVID   WHITB 

The  Tipton  Run  coal  mines  of  Blair  county,  Pennsylvania,  are  located  at  the 
forks  of  one  of  the  deep  V-shaped  ravines  heading  westward  against  the  Allegheny 
escarpment  about  half  way  between  Tyrone  and  Altoona.  The  escarpment  in  this 
region  consists,  according  to  the  measurements  of  Franklin  Platt.f  of  2,560  feet  of 


•The  Author  of  this  paper  doeii  not  approve  of  the  rule  of  noo-capitalization  of  speoiea  names 
when  derived  from  proper  names,  adopted  by  the  Society.— Ed. 
t  Second  Oeol.  Survey  of  Pennsylvania,  Report  I,  Blair  county,  1861,  pp.  7-29. 
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Catskiil,  resting  on  4,007  feet  of  Chemung,  and  succeeded  by  500  feet  of  greenisb 
grayish  and  brown  sandstones  and  shales,  with  green  and  red  shales,  of  the  '*  red 
Pocono,"  about  800  feet  of  more  or  less  massive  sandstones  of  the  ''  gray  Pocono," 
about  300  feet  or  less  of  the  Mauch  Chunk  red  shale  with  its  interbedded  lime- 
stones, greenish  sandstones  and  shales,  and  by  nearly  200  feet  of  the  Pottsville 
formation,  at  the  base  of  the  Coal  Measures.  The  gray  Pocono  forms  the  main 
front  or  brow  of  the  escarpment  with  its  high  terrace  spurs,  while  the  conglom- 
erates of  the  Pottsville  form  the  crest  knobs  and  scalp- terrace.  The  dip  of  the 
formation  decreases  from  30  degrees  in  the  valley  to  8  or  12  d^rees  in  the  Pocono, 
and  a  very  slight  inclination  to  the  west  at  the  upper  levels  of  the  mountain. 

The  mines  lie  well  up  in  the  Tipton  ravine,  in  a  low  spur  between  the  upper 
forks  of  the  run,  about  500  feet  above  Tipton  station  and  790  feet  below  the  crest 
of  the  Allegheny  front,  or  about  1,012  feet  below  Bear  Pen  point  1  mile  to  the  we«t 
of  the  west  (Loop  Run)  mine.  Within  a  stratigraphical  interval  of  100  feet  five 
coals,  from  1^  to  3}  feet  in  thickness,  were  imported  by  Mr  C.  S.  d'lnvillieis.  Two 
at  least  of  these  coals  have  been  mined,  the  output  reaching  in  1888  a  limit  of 
50,000  tons.  One  mine  is  still  somewhat  extensively  operated  for  country  use. 
The  fuel,  cliiefily  from  coals  *'  B ''  and  *'  C,"  is  a  low  bituminous  coal  with,  accord- 
ing to  two  analyses  by  McCreath,  about  58  to  06.88  per  cent  of  fixed  carbon. 

Owing  to  the  juxtaposition  and  generally  similar  attitude  of  the  coal-bearing 
terrane  along  the  strike  of  the  gently  westward  dipping  Pocono,  the  coals  in  ques- 
tion have  been  regarded  by  the  state  geologists  of  Pennsylvania  as  merely  dila- 
tions of  some  of  the  many  thin  seams  occurring  in  the  contiguous  Pocono.  Com- 
parisons have  been  made  with  the  group  of  coals  occurring  among  the  sandstonef! 
and  shales  of  the  lower  Pocono  at  Sideling  hill,  Duncannon,  and  Pottsville,  and 
more  especially  with  the  thick  and  valuable  beds  mined  along  Toms  creek  and  in 
Brushy  mountain,  in  southwestern  Virginia.  The  Tipton  Bun  coals  have  there- 
fore almost  universally  been  referred  to  the  carbonaceous  group  in  the  lower  por- 
tion of  the  Pocono,  with  which  they  are  supposed  to  be  longitudinally  continuous. 

As  the  result  of  an  examination  of  some  plants  at  the  Tipton  mines  the  true  age 
of  the  coals  was  recognized  and  announced  in  1883  by  I.  C.  White,*  who  referred 
them  to  the  Allegheny  series,  the  next  group  higher  than  the  Pottsville.  Thi<« 
correlation  of  the  beds  with  the  productive  Coal  Measures,  whose  nearest  outcrop- 
on  the  mountain  top  nearly  2  miles  distant — is  not  less  than  1,400  feet  hijrher 
stratigraphically,  was  quite  contrary  to  the  conclusions  reached  after  a  special  ex- 
amination by  Mr  Ashburner  in  1885,t  and  led  to  a  reinvestigation  of  the  subject 
by  the  state  geologists.  The  latter,  discounting  both  the  paleolx>tanic»l  testimony 
and  the  evidence  of  the  lithulogy,  again  affirmed  the  indisputably  Pocono  (ba^al 
Lower  Carboniferous)  age  of  the  coals  and  published  them  as  such  in  the  final 
report  J  and  in  the  maps  issued  by  the  state.  In  view  of  the  circumstances  nar- 
rated, attention  deserves  to  be  called  again  to  the  correct  determination  of  the  Bue 
of  these  beds  by  Doctor  White,  though  the  evidence  adduced  by  the  latter,  being  in 
itself  amply  sufficient  as  proof,  should  scarcely  require  reiteration  oramplification.S 


•  Amer.  GeoloniMt,  vol,  iv,  July,  1883,  pp.  2")-32. 

t  Ann.  Rept.  .Second  Geol.  Survt^y  of  Pennsylvania,  1885  (1886),  pp.  250-268,  with  2  maps. 

J  Summary  Final  Report,  vol.  iii,  pt.  i,  1893,  pp.  1679-1605. 

2  Doctor  White's  conclusions  as  to  the  identity  of  the  Tipton  with  the  Clearfield  County  ci»N 
were  reached  wholly  Indopendi^ntly  and  without  knowledge  of  the  similar  views  earlier  publii^hH 
by  Mr  J.  W.  Scott  in  the  Tyrone  Herald.  Mr  Scott  appears  to  have  been  the  first  to  reco|piiK  the 
true  age  of  the  Tipton  Run  coals. 
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From  the  roof  of  the  coal  mined  at  the  time  Doctor  White  obtained  nine  forms, 
listed  by  him  as  follows:  Pecojyteris  sp.,  AUthopteris  amfngua  Lx.,  Alethopteris  sp. 
allied  to  A,  pfnntfylvanica  Lx.,  Newropteris  lenuifolia  Bronj^n.,  N.  lo8ckii  Brongn., 
OUamiles  sp.  allied  to  C.  Suckowii  Brongn.,  LepidophyHum  lanceolalum  Brongn., 
ilitigmaria  ficoides  Brongn.,  and  Cordaites  gracilis  Lx.  By  all  paleobotanists  these 
species  will  be  recognized  as  clearly  indicating  an  Upper  Carboniferous  stage. 
Further,  Doctor  White,  whose  experienced  eye  recognized  the  lithological  charac- 
teristics of  the  Allegheny  series  in  the  Tipton  Run  terrane,  measured  up  a  section 
125  to  145  feet  in  extent,  which  was  regarded  by  him  as  including  a  sandstone, 
probably  of  the  Freeport  group,  and  10  feet  of  Pottsville  conglomerate.  The 
principal  mined  coal  from  which  the  fossils  were  obtained  was  considered  by  him, 
largely  on  account  of  its  structure  and  position  in  the  local  sequence,  as  probably 
the  Lower  Kittanning. 

Another  collection  of  fossil  plants  was  made  by  Mr  Koch,  one  of  the  aids  of 
the  state  survey,  at  the  time,  1889,  of  the  next  examination  of  the  Tipton  beds 
by  the  state  geologists.  The  fossils  were  sent  for  determination  to  the  late  R.  D. 
Lacoe,  of  Pittston,  Pennsylvania,  whose  list  is  printed  in  the  Summary  Final 
Report  of  the  State  Survey.*  Mr  Lacoe  promptly  reported  :  **  Of  the  twenty-five 
species  from  Tipton,  all  but  four  are  common  in  the  Coal  Measures  of  North 
America.  This  gives  a  distinctly  Coal  Measures  position  to  the  collection."  The 
state  geologists,  with  equal  punctuality  and  confidence,  again  referred  thelbeds  to  the 
Pocono. 

In  1899,  during  a  brief  stop  of  two  hours  at  the  Tipton  mine,  a  search  for  fossils 
was  made  by  the  writer  about  the  largely  disintegrated  rock  dump  at  the  Tipton 
Ran  tunnel.    The  species  collected  are : 

P*eudopeeopteri8  squamosa  (Lx.)  Sphf,nophyUum  emarginatum  Brongn. 

Peropt^j-is  vestita  Lx.  var.  minor  D.  W.  LepidophyHum  stantoni  Lx. 

PeeopUris  miltoni  Artis.  LepidophyHum  Mansfieldi  Lx. 

Neuroptrris  sehenehzeri  HoflPhi.  LepidophyHum  cf.  Lepidostrobus  geinitzii  Schimp. 

NeiiTopteris  eapitata  Lx.  Cnrdiorarpon  cf.  simplex  Lx. 

Neuropteris  ovata  Hoffm.t  Rhabdocarpos  mamxUntus  Lx. 

Aphldiia  sp.  indet.  Estheria  sp. 

Atteropkytlites  equisetiformis  (Schloth.)  Bron^. 

The  composition  of  the  flora  listed  above  is  characteristic  of  the  Allegheny  series. 
Several  of  the  species  occur  at  some  localities  in  beds  as  old  as  the  uppermost  Potts- 
ville, but  the  Cardiocarpon  is  the  only  form  that  ordinarily  belongs  more  properly 
to  the  Upper  Pottsville.  Pecopteris  miltoni,  LepidophyHum  Hantnni  and  Rhabdocarpos 
mamiUatus  are  seldom  U)  be  found  below  the  Kittanning  group  in  the  Allegheny 
series  but  prevail  a  little  higher,  while  Pneudopecopteris  squamosa ,  Pecopteris  vestita 
var.  minor,  and  LepidophyHum  mansfieldi  appear  to  point  toward  a  level  hardly  so 
high  as  the  Freeport.  On- the  whole  the  flora,  with  the  possible  exception  of  the 
Cardiocarpon,  is,  on  the  one  hand,  distinctly  post-Pottaville,  while  lacking,  on  the 
other  side,  the  later  elements  which  appear  in  the  Freeport  group  of  the  Allegheny 
and  in  the  Conemaugh  series.  It  is  characteristic  in  general  of  the  middle  or  upper 
middle  portion  of  the  .\llegheny  series,  and  appears  to  indicate  an  horizon  in  the 


•  Vol.  ill,  pt.  i,  pp.  1691,  1692.  I  have  not  been  able,  after  persi««tent  effort}",  to  lo<ute  thie  collec- 
tion, which  appears  to  have  be^n  lost. 

t  Includes  the  plant  identified  by  Doctor  While  as  iV.  loschii  Brongn.,  together  perhaps  with 
N.  tenuifolia  of  the  former  list. 


476  PROCBBDINOS   OF  THE   ALBANY   MBBTINQ 

Kittanning  group.  The  evidence  of  the  plants  collected  by  the  writer  appears  there- 
fore to  agree  approximately  with  Doctor  White's  identification  of  the  coal  with  the 
Lower  Kittanning.  Besides  noting  the  somewhat  characteristic  bony  bench  of  the 
bed  described  by  Doctor  White,  mention  should  also  be  made  of  the  presence  in 
the  roof  shales  at  Tipton  of  small  nodular  ferruginous  sheets  such  as  are  found  o?er 
the  Lower  Kittanning  coal  at  Benning,  Glen  White,  and  the  Baker  mines. 

As  further  confirming  the  Coal  Measures  age  of  the  terrane  a  few  of  the  species  in 
the  Ko6h  collection  listed  by  Lacoe  may  also  be  mentioned.  Such  are  the  Annukria 
sphenophyUoides  (Zenk.)  Gutb.,  SphennphyUum  oblongifolium  Germ.,*  Newvptm* 
plicaUi  Stern b.,  N,  desorii  Lz.,  N.  clarkaoni  Lx.,  N.  vermieularis  Lz.,  Linopterit 
obliqtJM  (Bunby),  Pseudopecoptnis  cordato-ovaia  ^Weiss,  Cardiocarpoii  bictispidatum 
Sternb.,  C.  orbicultire  Newb.,  and  Trigotiocarpum  trilocidare  Hild.  The  plants  citeil 
above  seem  to  indicate  more  than  one  horizon  of  the  Coal  Measures,  and  it  is  prol>- 
able  that  not  all  were  obtained  from  the  same  bed.  Thus  the  seeds  characteristic 
of  the  Upper  Pottsville  were  perhaps  obtained  from  an  old  drift  in  a  lower  bed 
south  of  the  tunnel,  or  from  a  lower  bed  in  the  tunnel  itself.,  Neuropteru  darktoni 
and  Linopteris  obliqiia,  while  common  in  the  Freeport  group,  are  rare,  especially  so 
the  latter,  in  the  Kittanning.  Nearopteris  vermicularis  and  N.  desorii,  on  thB  con- 
trary, belong  in  the  middle  and  lower  portions  of  the  Allegheny  series — that  is,  in 
the  Kittanning  and  Clarion  groups.  All  paleo botanists  and  most  paleozoologists 
will  recognize  the  Tipton  flora  as  a  typical  Coal  Measures  flora. 

The  flora  of  the  Pocono,  as  now  revealed  by  many  collections  made  alon^  the 
Appalachian  trough  between  New  York  and  Tennessee,  is  a  Triphyllopterid- 
Lepidodendron  corrugatum  flora.  It  contains,  so  for  as  I  have  been  able  to  observe, 
not  a  single  species  of  vascular  plant  that  is  present  in  the  Allegheny  series.  In 
fact  the  flora  of  the  Pocono  is  so  strikingly  dissimilar,  both  in  composition  and  in 
rank,  to  that  (Allegheny)  found  at  Tipton  run  as  to  render  the  two  floras  readily 
distinguishable  to  any  paleontologist  who  has  given  the  plants  of  the  two  forma- 
tions BO  much  as  a  casual  examination. 

The  validity  of  Doctor  White's  correlation  of  the  Tipton  coals  with  the  Alle- 
gheny series  being  incontestible,  it  is  interesting  to  discover  the  character  of  the 
faulting.  The  observations  made  by  the  writer  last  summer  during  a  half  day 
about  the  mines,  although  incomplete,  show  that  the  problem  is  apparently  simple, 
when  once  search  for  a  foult  is  made.  A  map  by  Mr  d'Invilliers,  showing  the  geo- 
graphical relations  of  the  mines,  to  which  reference  is  here  made,  was  published 
by  Ashbumer  in  his  1885  report,!  and  was  reprinted  in  reduced  form  in  the  Sam- 
mary  Final  Report  of  the  State  Survey.^ 

One-half  mile  west  of  the  mouth  of  the  Gates  drift,  Tipton  Run  side  of  the  spar, 
a  good  coal  is  reported  from  a  shallow  bore  hole,  which  is  evidently  in  Coal 
Measures.  A  few  rods  westward,  however,  the  terrace  of  westward  dipping  shales 
and  sandstones  abuts  against  a  knob  of  the  green  and  red  sandstones  and  shales  of 
the  somewhat  disturbed  Lower  Carboniferous.  From  this  point,  which  is  not  far 
from  the  northern  border  of  the  Tipton  coalfield,  the  fault,  which  follows  a  slight 
depression  obliquely  crossing  the  low  spur  between  Tipton  and  Loop  runs,  is 

^  Probably  a  doubtful  identiflcation. 

t  Report  on  the  Tipton  Run  Coal  Openings,  Blair  county  (Coal  beds  in  the  Pocono  fonnatioD, 
no.  X).    Ann.  Rept.  Geol.  Survey  of  Penneylrania,  1885  (1886),  pp.  260-286. 
XVol  iii,  pt.  i,  1893,  pi.  ccxiii  (A),  p.  1646. 
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readily  followed  in  a  direction  nearly  south  10  degrees  east  to  a  point  on  the  west 
8i<le  of  Loop  run  about  200  yards  southwest  of  the  Loop  Run  slope,  where  coal  in 
bad  condition  was  shafted  almost  directly  against  the  lower  Pocono  red  shales. 
The  southeast  boundary  of  the  fault  apjiears  to  coincide  with  the  transverse  valley 
in  which  Loop  and  Tipton  runs  converge  and  unite. 

The  sequence  of  the  formations  is  well  shown  in  the  south  point  of  the  low  spur- 
ridge  between  these  runs.  At  the  extreme  southeast,  above  the  valley  bottom,  the 
green  and  red  shales  and  sandstones  of  the  Mauch  Chunk  appear,  while  in  passing 
along  the  track  of  the  old  railway  up  Tipton  run  the  Carboniferous  limestone  in 
the  upper  part  of  the  Mauch  Ciiunk  presents  itself.  Above  this  are  characteristic 
Mauch  Chunk  beds  up  to  the  massive  lower  conglomerate  (Olean)  of  the  Pottsville 
formation.  The  ledges  of  the  Pottsville  diagonal  through  the  steep  southeast  slope 
of  the  spur,  and  form  the  rugged  crest  point  of  the  latter.  The  lower  conglomerates 
cross  Tipton  nin  near  the  old  commissary  site,  but  the  upper  part  of  the  formation 
does  not  reach  the  valley  level  until  near  the  tunnel.  It  seems  probable  that 
the  lower  prospect  drift  a  short  distance  south  of  the  tunnel  is  in  this  formation, 
and  it  is  possible  that  some  of  the  fruits  collected  by  Koch  were  obtained  at  this 
point. 

No  attempt  was  made  by  the  writer  to  trace  the  eastern  border  of  the  coalfield* 
The  strike  of  the  Pottsville  near  the  point  of  the  knob  is  nearly  north  10  degi-eeg 
east,  the  dip,  as  determined  by  d'Invilliers,  being  12  degrees  west.  On  crossing  to 
the  east  of  the  run  the  Pottsville  sandstones  appear  to  swing  still  farther  to  the 
north,  while  flattening  somewhat  so  as  to  form  the  long  gradual  rise  to  the  east- 
ward. Such  a  swing  appears  to  be  indicated  not  only  by  the  tojwgraphy,  but  by 
the  attitude  of  the  coal  at  the  head  of  the  Gates  drift,  whose  local  dip  is  south 
60  degrees  west.  The  series  of  several  coal  provings  ranging  from  this  drift  to  a 
point  about  2,700  feet  north  of  the  Tipton  tunnel  are  probably  near  the  line  of 
general  strike,  and  may  all  lie  within  the  Allegheny  series.  The  line  where  the 
gentle  grade  of  the  Coal  Measures  abuts  against  the  somewhat  abrupt  escarpment 
of  westward  dipping  sandstones  of  the  upper  ("gray  ")  Pocono  is  not  far  from  the 
farthest  of  these  provings.  Tlie  Pocono  escarpment  is  bold  and  strong,  extending 
along  the  northwest  side  of  the  coalfield  depression  and  meeting  the  Pocono  spur, 
first  mentioned,  on  the  west  of  the  coalfield. 

Although  the  eastern  boundary  has  not  yet  been  located,  it  is  probable  that,  as 
might  be  expected  from  the  attitude  and  age  of  the  beds,  the  Tipton  Kun  coal- 
field consists  of  a  faulted  block  which  includes  at  least  a  portion  of  the  Mauch 
Chunk  shales  and  sandstones  with  the  Carboniferous  limestone,  the  Pottsville  and 
the  Allegheny  series,  if  not  higher  terranes  of  the  Coal  Measures.  The  block  is 
somewhat  warped,  as  well  as  slightly  shattered,  so  that  toward  the  east  tlie  strike 
of  the  Coal  Measures  is  at  a  wide  angle  to  that  of  the  adjacent  Pocono.  The  minor 
northwest-southeast  faults,  dest^ribed  by  the  state  geologists  as  occurring  in. the 
mines  and  compared  by  Lesley  with  the  transverse  faults  at  Orbisonia  and  Three 
Springs,  in  Huntington  county,  or  in  the  Houtzdale-Osceola  district  of  Clearfield 
county,  presumably  belong  to  the  same  system  as  the  great  transverse  faulting  of 
the  coalfield  itself.  The  stratigraphic  displat-ement  of  the  coal  at  the  Loop  Run 
slope,  which,  according  to  Franklin  Piatt,  should  be  within  200  feet  of  the  base  of 
the  Pocono,  is  probably  about  1,550  feet. 

LX VI II— Bull.  Gcol.  Soc.  Am.,  Vol.  12.  19U0 
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The  following  paper  was  presented  in  abstract  by  W.  B.  Scott. 

A  DBP08ITI0NAL  MBA8VRK  OP  VNCONFOBMITT 
BT  CHAKLBB  R.    KBYB 

The  paper  is  printed  as  pages  173-196  of  this  volume. 
The  two  following  papers  were  read  by  title  : 

COMPARISON  OP  STRATIGRAPHY  OP   THB  BLACK  HILLS  WITH  THAT  OP  THE 

PROyT  RANGB  OP  THB  ROCKY  MOUNTAIUS 

BY   N.    H.    DABTON. 

[Abstract^ 

After  several  years  of  detailed  investiKation  of  the  Btnitigraphy  of  the  Black  hills 
in  South  Dakota  and  Wyominj^,  a  preliminary  examination  has  recently  been  made 
of  the  region  southwest  to  and  along  the  front  rani^es  of  the  Rocky  mountains  acn«8 
Wyoming  and  Colonulo.  The  Black  hills  are  due  to  a  local  expansion  of  a  branch  of 
the  Laramie  rani;^,  but  the  connection  underlies  a  country  in  great  part  covered  by 
Tertiary  deposits.  In  the  vicinity  of  Hartville,  about  125  miles  southwest  of  the 
Black  hills,  there  is  a  local  uplift  on  this  line,  affording  extensive  exposaresof 
formations  from  the  crystalline  schists  part  way  up  the  Mesoxoic  column.  The 
stratifl^raphy  is  here  very  similar  to  that  of  the  Black  hills,  and  all  the  principal 
formations  from  Lower  Cretaceous  sandstones  to  the  Ix>wer  Carboniferous  lime- 
stone can  be  distinctly  recognized.  Along  the  flanks  of  the  Laramie  range  and 
southward  into  Colorado  the  formations  present  considerable  change,  but  numeroiu 
features  of  close  relationship  were  observed.  In  the  fine  sections  at  Morrison,  west 
of  Denver,  there  was  found  an  extension  of  the  Purple  (Minnekahta)  limestone  of 
the  Black  hills  having  precisely  similar  sttutigraphic  relations  in  the  Red  beds  and 
containing  some  of  the  same  Permian  fossil,  although  these  are  scarce  and  not  well 
preserved.  The  limestone  was  traced  south  for  a  considerable  distance,  and  found 
to  merfse  into  a  sandy  l)ed,  which  was  finally  lost  in  the  great  mass  of  coarse  red 
deposits  in  the  vicinity  of  the  Garden  of  the  Gods.  Its  very  distinct  occurrence  at 
Morrison  affords  the  means  for  a  precise  correlation  with  the  Black  Hills  region. 
The  underlying  mass  of  coarse  sandstone  against  the  crystalline  rocks  represeuls 
portions  or  perhaps  all  the  Carboniferous  formations  of  the  Black  hills'.  The  Bed 
beds  overlying  this  Minnekahta  limestone  at  Morrison  are  gypaiferous  shales 
similar  to  those  of  the  red  valley  encircling  the  Black  hills.  The  Morrison  forma- 
tion lying  next  above  is,  as  previous  ol>8erverB  have  pointed  out,  the  equivalent  of 
the  Atlantosaurus  (Beulah)  shales,  while  the  marine  Jurassic,  which  was  traced  as 
far  south  as  the  Hartville  region,  is  lacking  in  the  Morrison  section.  The  lower 
Cretaceous  sandstone  in  the  Black  hills  has  not  been  recognized  in  Colorado.  The 
Benton  formation  presents  the  same  three  divisions  through  the  Black  Hills  region 
as  were  determined  by  Gilbert  in  southern  Coloiado.  In  the  valley  of  the  Parga. 
oire,  in  southern  Colorado,  the  Red  Bed  series  is  represented  by  red  sandstones 
of  moderate  coarsenens,  in  the  upi)er  bed  of  which  was  discovered  a  bone  of  a 
Bolo<lont,  which  is  thon^rht  to  be  of  Triassic  age.  The  overlying  series  of  gypsum, 
limestone,  and  siiale  yielded  no  fosHils,  but  probably  comprises  a  -  representative  of 
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the  Morrieoii  formation,  for  itfliippei-  part  at  least  has  all  the  characteristic  features 
of  the  Atlantosaunis  shale.    It  is  overlain  by  so-called  Dakota  sandstone. 

TERTIARY  HISTORY  OF  THE  BLACK  HILLS 
BY    N.    H.    DARTON 

The  next  paper  was  read  by  the  author: 

MARINE  AND  FRESHWATER  BEACHES  OF  ONTARIO 

BY  A.   P.   COLEMAN 

The  paper  was  discussed  by  Robert  Bell,  G.  K.  Gilbert,  N.  S.  Shaler, 
C.  H.  Hitchcock,  F.  B.  Taylor,  and  H.  P.  Gushing.  It  is  printed  as 
pages  129-146  of  this  volume. 

The  following  paper  was  then  read  : 

GLACIAL  LAKES  OF  MINNESOTA 
BY  N.    R.   WINCHBLL 

Remarks  upon  the  subject  of  the  paper  were  made  by  the  President 
and  Robert  Bell.    The  paper  is  printed  as  pages  109-128  of  this  volume. 

The  last  paper  presented  during  the  session  was  the  following : 

GEOLOGY  OF  RIGAUD  MOUNTAIN,  CANADA 

4 

BY   OSMOND  E.    LE  ROY* 

In  discussion  remarks  were  made  by  F.  D.  Adams,  N.  S.  Shaler,  H.  M. 
Ami,  Robert  Bell,  J.  F.  Kemp,  and  the  author.  The  paper  is  printed 
as  pages  377-394  of  this  volume. 

No  evening  session  was  held,  but  the  Society  was  given  a  reception 
by  Doctor  and  Mrs  F.  J.  H.  Merrill,  at  their  residence,  95  Washington 
avenue. 


Session  of  Saturday,  December  29 

The  Society  was  called  to  order  by  the  President  at  9.45  a  m,  and 
the  following  administrative  business  was  transacted : 

RECOMMENDATIONS  BY  THE  COUNCIL 

The  Council  recommends : 

(1.)  That  the  Society  appoint  a  special  committee  with  power  to 
eliminate  undesirable  material  from  the  collection  of  photographs,  and 


*  Introduced  by  F.  D.  Adams: 
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to  publish  a  list  of  the  collection;  such  conmuttee  to  consist  of  N.  H. 
Darton,  J.  S.  Diller,  G.  K.  Gilbert,  and  G.  P.  Merrill. 

(2.)  That  Joseph  Stanley-- Brown  be  elected  a  Life  Member  in  recog- 
nition of  his  services  to  the  Society  as  Editor. 

(3.)  That  the  following  I'esolution  be  adopted  : 

^^Resolvedf  That  recognizing  the  great  Instorical,  ecientifir,  and  economic  value 
of  the  collections  of  the  State  Museum  in  Albany,  representirg  the  geolo|2:y  and 
paleontology  of  the  state  of  New  York,  the  Geological  Society  of  America  exprese^y 
an  earnest  hope  that  an  ample  and  fireproof  building  will  be  provided  for  the  diss- 
play  of  these  priceless  collections  where  they  may  be  accessible  to  students  inter- 
ested in  the  progress  of  science  and  in  the  economic  development  of  the  state." 

The  several  recommendations  were,  adopted. 

The  following  resolution  of  thanks  was  then  passed  : 

^^ Resolved f  That  the  hearty  thanks  of  the  Society  be  tendered  to  the  Trustees  of 
the  Albany  Academy  for  their  generous  hospitality ;  to  Messrs  J.  M.  Clarke  and 
F.  J.  H.  Merrill  for  their  successful  efforts  in  behalf  of  the  meeting,  and  to  Doctor 
and  Mrs  Merrill  for  the  delightful  reception  of  Friday  evening.** 

The  first  paper  of  the  scientific  program  was  the  presidential  address  : 

GEOLOGICAL  RECORD  OF  THE  ROCKY  MOUXTAIN  REGION  IN  CANADA 

BY  THE   PRESIDKNT,   GfiORUE   M.    DAWSON 

The  address  is  printed  as  pages  57-92  of  this  volume. ' 

In  the  absence  of  the  author,  the  following  paper  was  presented  in 
abstract  by  G.  P.  Merrill: 

WEATHERING  OF  GRANITIC  ROCKS  OF  GEORGIA 
BY  THOMAS   L.    WATSON 

The  paper  is  printed  as  pages  93-108  of  this  volume. 
The  three  following  papers  were  read  by  the  author: 

PENEPLAINS  OF  CENTRAL  FRANCE  AND  BRITTANY 

BY  W.    M.   DAVIS 

{^AhMrnct.'] 

Three  recent  articles,*  in  which  the  theory  of  peneplains  has  been  adversely 
criticised,  have  taken  examples  for  consideration  chiefly  from  districts  which  are 


*  R.  Tarr:  Thp  pencpluin.    Araer.  GooloKi-^t,  vol.  xxi,  ItiOS,  pp.  351-370. 

W.  S.  TrttiKier  Smith  :  Som*»  anpects  of  orosion  in  roUtion  to  the  tlieory  of  the  penepUtn.     Bull. 
Dept.  Geol.  Univ.  Cal.,  vol.  ii,  IK-.ni,  pp.  1'».V178. 
N.  S.  ShaU'r  :  Spacing  of  rivers  with  ronpect  to  hypothesis  of  basvlevelling.     Bull.  Geol.  Soc.  Am., 

▼oi.  X,  1899,  pp.  iiis-are. 
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today  maturely  dissected  to  a  considerable  strength  of  relief,  however  perfectly 
they  may  have  been  worn  down  to  lowlands  in  a  former  cycle  of  erosion ;  and 
with  these  examples  in  mind,  alternative  explanations  have  been  offered  by  which 
to  account  for  the  existins:  forms  independent  of  peneplanation.  Tarr's  theory  of 
bevelling  (to  which  my  response*  did,  I  regret  to  say,  insuflicient  justice,  through 
misunderstanding  of  the  intended  meaning)  and  Tangier-Smith's  and  Shaler's 
theory  of  the  subequality  of  mature  hilltop  heights  as  a  result  of  the  subequality 
of  stream  spacing  are  interesting  contributions  to  the  general  subject  of  land  sculp- 
ture, but  it  does  not  seem  to  me  that  they  touch  the  question  in  hand  closely 
enough  to  invalidate  the  theory  of  )>eneplains,  inasmuch  as  they  give  no  sufficient 
explanation  for  uplands  of  relatively  even  surface,  unsympathetic  with  structure, 
and  only  here  and  there  dissected  by  streams  whose  valley  sides  rise  steeply  to  the 
upland  level.  Moreover,  the  forms  producible  by  bevelling  and  stream  spacing 
are  imitated  by  dissection  after  peneplanation.  What  we  need  is  a  means  of  dis- 
criminating among  the  forms  of  these  three  origins,  rather  than  an  argument  for 
the  exclusion  of  one  origin  because  of  the  competence  of  the  other  two. 

Evenly  truncated  uplands  are  by  no  means  rare.  The  four  views  here  presented 
are  all  of  European  localities,  not  because  American  examples  are  wanting,  but 
because  my  rec«nt  excursions  have  happened  to  afford  illustrations  from  abroad. 

Plate  44,  figure  1 ,  is  a  part  of  the  broad  uplands  that  have  been  eroded  on  the  crys- 
talline and  stratified  rocks,  all  much  disordered,  of  the  central  plateau  of  France. 
The  photograph  was  taken  from  the  village  of  V^drine,  in  the  neighborhood  of  a 
railway  junction  called  Eygurande,  where  the  upland  is  deeply  dissected  by  the 
Chavannoux  (a  northern  branch  of  the  Dordogne),  whose  valley  sides,  shown  in 
plate  44,  figure  1,  present  numerous  bare  ledges,  while  the  gently  rolling  uplands 
are  cloaked  with  deep  residual  soils.  The  particular  upland  here  shown  is  un- 
usually smooth;  water-worn  pebbles  and  cobbles  are  plentiful  at  certain  points 
upon  it,  and  it  may  therefore  be  cronsidered  to  represent  the  floodplain  of  the 
Chavannoux  in  a  former  cycle  of  erosion,  when  the  land  stood  much  lower  than 
it  now  does.  The  adjoining  uplands  rise  somewhat  above  this  plain  and  are  more 
undulating  than  it  is.  They  have  deep  soils,  but  no  water-worn  stones  were  found 
on  them.  Monadnocks  are  numerous  in  certain  districts,  although  absent  here- 
abouts. Some  of  them  are  rugged,  with  ledges  and  boulders  on  their  slopes,  almost 
reminding  one  of  a  New  Hampshire  landscape,  although  no  trace  of  glaciation  has 
been  detected  in  their  locality  :  others  are  more  sub<lued,  presenting  rounded  out- 
lines and  smooth  slopes,  imiti\tive  of  drumlins.  Bevelling  and  stream  spacing 
entirely  fail  to  account  for  this  combination  of  forms,  but  the  uplands  and  valleys 
may  be  satisfactorily  explained  by  assuming  a  former  cycle  of  erosion  well  ad- 
vanced into  old  age,  followed  by  a  new  cycle,  introduced  by  a  broad  uplift  and 
now  in  its  youth. 

Plate  45,.  figure  l^  is  from  Belle  Isle,  an  isolated  part  of  Brittany,  today  sharply 
attacked  by  sea  waves  on  all  sides,  so  that  its  margin  is  cut  by  strong  sea  cliffs. 
Ita  upland  surface  is  somewhat  dinsected  by  valleys,  one  of  which  is  here  shown. 
The  striking  feature  of  this  example  is  the  sharpness  of  the  shoulder  between 
the  upland  plain  and  the  valley  slope.  The  plain  is  broadly  undulating  in  very 
gentle  relief,  well  covered  with  N>cully  weathered  soil;  the  valleys  are  manifestly 
the  product  of  a  different  cycle  of  erosion  from  that  in  which  the  uplands  were 
proiluced.     I^re  ledges  of  disordered  crystalline  schists  are  sometimes  exposed  on 


♦  The  peneplnin.    Amer.  Geologist,  vol,  xxiii,  1«99,  pp.  207-239. 
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the  valley  sides ;  but  the  slopes  are  more  generally  of  rather  even  declivity,  u  if 
pretty  well  graded. 

Marine  abrasion  as  an  alternative  to  snbaerial  erosion  naturally  calls  for  consid- 
eration in  the  origin  of  the  uplands  of  Belle  Isle,  bat  it  is  of  doubtful  application. 
There  are  no  marine  gravels  on  the  uplands,  and  it  is  my  impression  that  the 
depth  of  upland  soil  is  greater  than  conld  have  been  produced  by  the  action 
of  weather  on  a  sea-planed  rock  platform  during  no  longer  time  than  was  suf- 
ficient to  erode  the  narrow  valleys;  but  on  this  point  I  have  no  direct  evidence 
to  offer.  On  the  other  hand,  the  peneplain  of  Belle  Isle  is  very  probably  of  the 
same  origin  as  that  of  the  mainland  of  Brittany,  where  uplands  as  even  as  those 
of  the  outlying  island  are  common.  But  here  the  larger  area  permits  the  oocnr- 
rence  of  a  .fl:reater  variety  of  rocks,  some  of  which  rise  in  subdued  ridges  running 
east  and  west  through  the  peni nsula.  The  prevalent  occurrence  of  deep-weathered 
local  soils,  the  absence  of  all  trace  of  sea  cliffs  along  the  base  of  the  subdued  ridges 
and  of  the  many  isolated  hills  associated  with  them,  as  well  as  the  absence  of 
marine  gravels  along  the  coastal  part  of  the  uplands,  where  they  descend  slightly 
toward  the  sea  (marine  deposits  occur  at  lower  levels),  give  strong  evidence  against 
a  marine  origin  of  the  plain,  while  an  origin  by  bevelling  or  by  stream  spacing 
seems  here  to  find  no  room  for  consideration. 

So  strongly  was  this  conclusion  impressed  upon  me  that  the  thinness  of  the  soil 
on  certain  marginal  areas  of  the  Brittany  peneplain  seemed  explicable  only  by  a 
brief  and  local  submergence  after  subaerial  peneplanation,  thus  allowing  the  waves 
to  remove  most  of  the  weak  soil  cover,  but  not  giving  them  time  enough  to  cut  a 
shoreline.  An  example  of  this  kind  is  given  in  plate  45,  figure  2,  taken  from  a  low 
hill  (Mont  Saint  Michel — not  the  famous  rocky  island  of  that  name)  on  the  cot- 
skirts  of  the  village  of  Garnac  near  the  southern  coast.  The  occurrence  of  thou- 
sands of  huge  standing  stones  in  the  neighborhood  of  Carnac  seems  to  show  that 
the  ancient  peoples  here  took  advantage  of  the  partial  removal  of  the  soil  and  of 
the  revelation  of  countless  weathered  and  loosened  ledges  in  selecting  this  district 
for  their  remarkable  monuments.  The  peneplain  is  really  not  so  smooth  here  as 
in  many  other  districts,  however  level  it  looks  in  the  view.  It  stands  close  to  sea- 
level  and  dips  under  water  gently,  without  being  cliffed;  an  exceptional  feature 
for  Brittany.  The  plain  rises  gently  toward  the  interior,  so  that  the  streams  in- 
trench themselves  beneath  the  upland  surface  and  erode  valleys  whose  depth  i^ 
at  a  maximum  somewhat  above  the  middle  of  their  length. 

If  arguments  are  to  be  advanced  against  peneplanation,  they  would  seem  to  me 
more  convincing  if  land  forms  of  the  kind  here  presented  should  be  considered 
along  with  those  of  more  mature  dissection;  and  if  several  processes  are  held  to 
be  capable  of  producing  even- topped  uplands,  sharply  trenched  by  narrow  valleys, 
then  some  means  of  distinguishing  among  the  forms  resulting  from  the  action  of 
the  several  processes  should  be  devised.  Furthermore,  inasmuch  aa  it  is  eminently 
possible  that  peneplanation,  followed  by  uplift  and  mature  dissection,  may  prt)- 
duce  forms  that  will  closely  imitate  those  attributed  to  bevelling  and  to  stream 
spacing,  it  is  desirable  to  find  particular  signs  by  which  the  results  of  the  various 
processes  may  be  discriminated  in  the  later  stages  of  erosion,  as  well  as  in  the 
earlier  stages  al)ove  illustrated.  It  is  premature  to  appeal  today  to  simplicity  of 
process  or  inferred  probability  of  occurrence  in  favor  of  this  theory  or  of  that  when 
one  is  trying  to  explain  land  forms  that  may  also  be  accounted  for  by  any  one  of 
several  other  theories.     Simplicity  is  a  strong  recommendation,  especially  in  artifi- 
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cial  mechanisms,  bat  it  is  entirely  possible  that  geological  processes  may  sometimes 
have  been  complicated  rather  than  simple.  The  probability  of  occurrence  of  one 
process  or  another  is  the  very  question  at  issue,  and  an  a  priori  measure  of  proba- 
bility cannot  be  safely  accepted  as  a  guide  to  the  solution  of  the  problem.  All  that 
can  be  done  is  to  deduce  certain  consequences  appropriate  to  the  several  theories, 
and  then  to  discover  which  of  these  consequences  best  match  the  observed  facts. 
Bevelled  hilly  regions  (regions  in  which  the  hilltop  height  gradually  decreases 
from  the  interior  toward  the  shoreline)  are  to  my  mind  better  explained  by  pene* 
planation  (or  marine  abrasion),  uplift,  aiid  dissection  than  by  bevelling.  Maturely 
dissected  uplands  with  summits  of  subequal  height  (hut  not  slanting  to  the  seashore 
like  bevelled  regions)  may  also  be  explained  by  peneplanation  (or  marine  abrasion), 
uplift,  and  dissection,  as  well  as  by  stream  spacing;  but  even-topped  uplands, 
bearing  deep  soils,  extending  their  flat  surface  into  protected  districts  among  sub- 
dued hills,  dissected  only  by  narrow,  sharp-shouldered  valleys,  whose  arrangement 
exhibits  an  adjustment  to  the  rock  structures  that  underlie  the  deep  soils,  are 
accounted  for  only  by  peneplanation.  It  is  forms  of  this  kind  that  have  given 
effective  support  to  the  theory  of  peneplains,  and  it  is  particularly  to  forms  of  this 
kind  that  attention  should  be  Arected  when  the  theory  is  taken  up  for  discussion. 

Remarks  were  made  by  N.  S.  Shaler,  C.  D.  Walcott,  H.  M.  Ami,  and 
G.  K.  Gilbert. 

AN  EXCURSION  TO  THE  COLORADO  CANYON 

BY  W.    M.   DAVIS 

[Abstract'] 

Observations  made  in  the  canyon  of  the  Colorado  and  over  the  plateaus  on  the 
north  and  south,  during  a  three  weeks'  trip  in  June,  1900,  add  the  occurrence  of 
certain  landslides  and  migrating  divides  to  the  evidence  already  stated  by  Dutton 
in  favor  of  two  cycles  of  erosion  in  the  development  of  the  Grand  Canyon  district, 
the  broad  denudation  of  the  plateaus  being  accomplished  in  the  first  cycle  and  the 
Incision  of  the  narrow  canyons  in  the  second.  The  faults  by  which  the  plateaus 
are  divided  are  regarded  as  for  the  most  part  of  greater  antiquity  than  the  canyon 
cycle;  the  antecedent  origin  of  all  the  branch  streams  of  the  Colorado  in  this  dis- 
trict is  questioned ;  and  the  high-level  floor  of  the  Toroweap  valley  is  explained 
otlierwise  than  by  the  failure  of  its  former  w^ater  supply  through  a  change  from  a 
humid  to  an  arid  climate. 

The  paper  was  discussed  by  G.  K.  Gilbert  and  C.  D.  Walcott.  The 
full  paper  is  printed  in  the  Bulletin  of  the  Museum  of  Comparative 
Zoology  at  Harvard  College,  geological  series,  volume  5,  number  4,  pages 
105-201,  May,  1901. 

NOTE  ON  RIVER  TERRACES  IN  NEW  ENGLAND 

BY  W,    U.    DA  Via 

[AbtAract'] 

When  the  title  of  this  paper  was  sent  in  for  the  announcement  that  was  issued 
prior  to  the  Albany  meeting,  it  was  thought  that  the  controlling  relation  here 
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considered  between  rock  ledj^s  and  river  terraces  had  not  before  been  an- 
nounced. It  has  since  then  been  found  that  the  essence  of  the  relation  has  been 
stated  in  a  paper  by  Huf^h  Miller.*  Tlie  present  note  must  therefore  serve  chiefly 
to  make  Miller's  paper  better  known  to  American  readers  by  showing  the  applica- 
tion of  his  theory  to  American  examples,  as  well  f\8  to  suggest  that  the  plains  of 
our  New  England  terraces  do  not  indicate  gradation  with  resjiect  to  temporary 
baselevels  and  that  the  arrangement  of  terraces  in  flights  of  steps  does  not  depend 
on  the  diminution  of  stream  volume,  however  true  it  may  be  that  stream  voianie 
has  diminished  during  the  process  of  terracing. 


-cc^.: 


^•^^ 


FiouBK  1.— J5toc^  Diagram  of  River  Tei  races 

A  flight  of  terraco  steps  defended  by  succossire  outcrops  of  a  long,  sloping  ledge  in  the  hack- 
ground.  A  single  high  terrace  formed  by  the  consumption  of  all  the  earlier  made  terraces  in 
the  foreground.  Two  ledge-defended  low-level  terrace  cuspH  below  a  high  terrace  in  the 
center. 


In  a  valley  whose  cross-section  shows  several  terraces  at  successive  heights,  it  is 
neceswrily  the  case  that  the  breadth  of  the  interscarp  space  between  the  high- 
level  terraces  is  greater  than  that  between  the  low-level  terraces.  Besides  Miller's 
theory,  two  othera  are  current  for  the  explanation  of  this  feature.  One  theory 
postulates  a  once  greater  volume  for  the  terracing  river.  At  first,  when  large,  the 
river  is  supposed  to  swing  broadly  from  side  to  side  and  thus  open  a  wide  inter- 
scarp space ;  later,  when  the  valley  had  been  eroded  to  a  greater  depth  and  the 
volume  of  the  stream  had  decreaHed,  the  river  is  contented  with  a  smaller  width 


*  River-terracing 
pp.  263-306. 


Its  methodM  and  their  re8ult.«j,  Proe.  Roy.  Phys.  Soc.  Edinburgh,  1883,  vol.  vii, 
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of  swinging  and  the  terrace  scarps  come  nearer  together.  The  second  theory  postu- 
lates as  many  uplifts  as  tliere  are  terraces,  and  further  requires  a  systematically 
diminishing  time  interval  between  the  uplifts,  thus  allowing  the  river  to  open  a 
wide  valley  floor  in  the  early  stage  of  terracing,  but  only  a  narrow  floor  in  the 
late  stage. 

Miller's  theory  is,  in  efl!ect,  that  the  lateral  swinging  of  the  terracing  stream  is 
occasionally  hindered  by  the  discovery  of  a  rocky  ledge  or  a  mass  of  till  in  one 
bank  or  the  other,  and  that  inasmuch  as  such  ledges  and  till  masses  must  (other 
things  being  equal)  be  more  frequently  encountered  in  the  later  and  deeper  stages 
of  erosion  than  in  the  earlier  and  shallower  stages,  it  necessarily  follows  that  the 
scarps  of  the  low-level  terraces  must  be  held  nearer  together  than  those  of  the 
high-level  terraces.  Where  ledges  are  few  the  early-made  terraces  are  apt  to  be 
undercut  and  destroyed  by  the  river  in  forming  the  later-made  terraces,  as  in  the 
foreground  of  the  accompanying  block  diagram.  Where  ledges  are  numerous,  a 
whole  flight  of  terrace  steps  may  not  only  be  formed  but  preserved,  as  in  the 
background  of  the  diagram.  A  small  ledge,  exposed  for  only  5  or  10  feet  in  the 
bank  of  a  stream,  may  restrain  the  swinging  of  the  stream  and  thus  defend  the 
surmounting  terrace  for  some  distance,  both  up  and  down  the  valley.  The  cusps 
by  which  terrace  fronts  frequently  advance  into  the  valley  are  often  determined 
by  ledges.  A  long  sloping  ledge  may  determine  a  group  of  cusps,  systematically 
placed  one  over  the  other. 

A  recent  examination  of  the  terraces  on  Saxtons  river,  near  Bellows  Falls,  Ver- 
mont, and  on  Westfield  river,  near  Springfield,  Massachusetts,  shows  that  the  ter- 
race fronts  there  are  frequently  controlled  by  ledges  and  that  Miller's  theory  is 
closely  applicable  in  explaining  them.  A  fuller  account  of  these  and  other  ter- 
races will  be  presented  in  a  forthcoming  number  of  the  Bulletin  of  the  Museum  of 
Comparative  2iOology  at  Harvard  College. 

Remarks  were  made  by  N.  S.  Shaler. 

The  following  three  papers  were  read  by  title  without  discussion  : 

wiscoysiy  shore  of  lake  superior 

BY  G.    L.    COLLIE 

The  paper  is  printed  as  pages  197-216  of  this  volume. 

LANDSLIDES  OF  ECHO  AND  OF  VERMILION  CLIFFS 

BY    RICHARD   B.    DODGU 

[AbsiracQ 

The  northern  portion  of  the  Echo  cliffs  and  the  Vermilion  cliffs  along  the 
margin  of  the  Paria  plateau  exhibits  a  wonderful  series  of  landslides.  The  slides 
occur  in  the  basal  layei*s  of  the  Trijis,  where  they  are  feebly  supported  by  the  un- 
derlying Permian,  and  in  some  cases  have  slipped  over  the  edges  of  the  exposed 
Permian  layers,  almost  shrouding  them.  The  upper  cliff,  made  by  the  stronger 
top  layers  of  the  Trias,  presents  a  very  even  front  where  bordered  by  the  slides, 
and  as  yet  has  contributed  but  little  waste  to  the  surface  of  the  slides. 

LXIX— Bull.  Okol.  Soc.  Am.,  Vol.  12,  1900 
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BY  JAMBB  K.   TODD 
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•  Iktroduction 

Although  the  phenomena  mentioned  in  thie  paper  have  been  alluded  to  in  the 
writer's  previous  papers  and  to  some  extent  by  others,  he  ventures  to  call  more 
direct  attention  to  them.  They  have  quite  important  practical  as  well  as  scientific 
value  and  seem  worthy  of  being  more  distinctly  recorded  than  they  have  been. 

Cutting  Down  of  Rivkr  Bottom  in  Time  op  Flood 

The  first  is  the  fact  that  in  time  of  flood  the  bottom  of  a  river  cuts  down  as  the 
surface  rises.  It  has  long  been  recognized  that  in  floods  the  slope  and  velocity  in- 
crease, and  therefore  the  corrading  and  transporting  power  is  increased,  but  tiie 
extent  to  which  this  is  done,  especially  in  streams  abounding  in  sediment,  ha?  not 
been  clearly  set  forth. 

We  are  fortunate  in  having  distinct  testimony  on  this  point  from  experienced 
engineers.  Mr  L.  C.  Cooley,  of  the  United  States  corps,  states  that  at  Nebraska 
City,  "  when  the  river  strikes  quite  sharply  against  a  high  bluff,  though  it  ordi- 
narily is  but  40  or  50  feet  in  depth,  when  it  reaches  high  water  it  is  sometimes  90 
feet " — that  is,  it  picks  up  20  or  25  feet  of  sand  and  gravel  at  the  bottom  as  it  rises 
15  or  20  feet.* 

At  the  bridge  near  Blair,  Nebraska,  Mt  £.  Gerber,  assistant  engineer  for  the 
Fremont,  Elkhorn  and  Missouri  Valley  railroad,  watched  very  closely  thecuttinj? 
of  the  river  to  see  how  it  might  endanger  the  bridge  which  had  been  quite  recently 
erected.  Not  only  was  the  gauge  read  regularly  but  soundings  were  taken  about 
every  10  days  during  the  flood,  from  June  23  to  August  18,  1883.  It  was  found  that 
although  at  very  low  water  the  river  was  only  a  little  over  10  feet  deep,  when  it  had 
arisen  10  feet,  it  had  cut  down  to  bed  rock,  which  was  50  feet  below  low- water 
mark.f 

Mr  George  A.  Lederle,  engineer  of  the  Omaha  bridge,  reports  similar  phenomena 
at  that  point,  but  not  so  completely. 

At  Blair,  Omaha,  Platainouth,  and  Nebraska  City  the  bed  rock  is  50,  90,  55,  and 
85  feet,  respectively,  below  low- water  mark,  and  in  every  case  shows  gravel,  sand, 
and  clay  boulders  resting  directly  upon  water-worn  rock.  Although  no  observa- 
tions have  l)een  made  when  the  water  was  cutting  below  90  feet,  there  seems  to  be 
no  good  reason  for  doubting  that  in  beils  and  narrow  places  in  the  river  the  bed 
rock  may  be  sometimes  touched  below  that  level,  so  that  in  the  shifting  of  the 
stream  the  whole  bed  rock  bottom  of  the  valley  from  blufi*  to  bluff  has  been  swept 

•Report  of  the  United  States  Engineers,  1879-'80,  part  ii,  pages  1066-1071. 

tU.  8.  Geol.  Survey,  Bulletin  158,  p.  161. 
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in  comparatively  recent  time.    With  this  well  established  phenomenon  there  goes 
several  important  corollaries :  ' 

1.  First,  a  depth  of  bed  rock  100  feet  below  present  low  water  does  not  demon- 
strate a  buried  channel.  The  size  of  the  present  stream  and  its  efficiency  in  time 
of  flood  must  be  known  before  a  conclusion  can  be  reached.  Moreover,  as  the 
relative  softness  of  rocks  influences  the  rapidity  of  corrasion  in  the  bottom,  as  well 
as  on  the  sides  of  the  trough,  greater  depths  are  to  be  expected  where  the  strata 
are  soft ;  and,  consequently,  in  the  planation  of  a  region  by  a  stream  there  will 
be  considerable  irregularity  in  the  surface  of  the  bed  rock  underneath  the  alluvial 
deposits. 

2.  In  estimating  the  discharge  of  streams  which  have  qi^ntities  of  sand  in  their 
trough,  like  the  Missouri  and  Platte,  the  height  of  the  water  is  only  one  factor, 
and  oftentimes  not  the  most  important  factor  for  determining  the  cross-section  of 
the  stream.  Doubtless  there  will  be  less  scouring  out  of  the  bottom  in  a  straight 
course  than  in  a  bend,  but  it  would  be  very  considerable,  particularly  where  its 
narrowness  suggests  a  favorable  opportunity  for  estimating  discharge.  The  Blair 
bridge  is  in  a  comparatively  straight  part  of  the  Missouri,  yet  its  bottom  cut  out 
30  or  40  feet  in  time  of  flood.  ^ 

3.  The  transfer  of  sediment  down  the  valley  of  a  river  would  be  much  more  rapid 
than  commonly  supposed.  When  the  stream  is  at  its  full,  the  scores  of  feet  in 
thickness  of  material  usually  lying  quiet  in  the  bottom  is  moving  with  nearly  the 
full  velocity  of  the  surface  of  the  flood. 

4.  Recent  objects  may  be  buried  to  a  depth  of  100  feet  within  a  few  years.  In 
the  shifting  of  the  Missouri  a  dozen  or  score  of  years  may  suffice  to  transfer  the 
deepest  point  of  a  bend  into  dry  land  covered  with  ordinary  vegetation.  If  a  well 
were  sunk  in  such  a  place  a  brickbat  or  other  recent  object  might  be  struck  at  that 
depth.  This  shows  how  weak  are  some  of  the  arguments  for  great  antiquity  of 
objects  found  deeply  buried  in  the  alluvium  of  Louisiana,  or  the  delta  of  the  Nile. 

Mutual  Flood- rklibf  Channels 

When  two  streams  unite  which  are  subject  to  floods  and  one  or  both  rich  in 
sediment,  there  is  apt  to  be  found  a  little  above  their  junction  a  channel  which 
we  will  call  2^  mutual  flood-relief  channeL  It  has  long  been  recognized  that  when 
either  stream  bears  sediment,  a  bar  is  apt  to  be  formed  just  above  the  junction  of 
the  currents  of  the  two  streams.  This  may  be  ascribed  mainly  to  the  diminished 
velocity  resulting  from  the  collision  and  intermingling  of  currents.  The  swifter 
stream  is  likely  to  be  more  heavily  ladeii,  and  the  resulting  velocity,  when  it 
mingles  with  the  slower  current,  causes  some  of  the  sediment  to  drop ;  hence  the 
point  separating  the  streams  tends  to  lengthen ;  it  tends  to  curve  more  or  less 
across  the  slower  stream.  This  curve  may  be  straightened  when  that  stream 
quickens  its  current  in  time  of  flood  ;  but,  since  the  sediment  tends  to  deposit 
more  rapidly  near  the  current,  there  is  apt  to  be  left  a  depression  separating  the 
elongated  bar  from  the  original  bank.  At  times  when  either  stream  is  in  flood 
and  the  other  low,  there  is  a  tendency  for  the  surplus  wat«r  to  break  over  this  sag 
into  the  lower  stream.  This  tends  to  keep  it  open  at  the  level  of  high  water  at 
least.  Sometimes  it  is  cut  below  low  water,  so  that  the  bar  forms  an  island.  From 
this  explanation  it  will  be  seen  that  the  erosion  of  this  channel  is  especially 
favored  by  floods  occurring  in  the  two  streams  at  diflerent  times  and  not  simul- 
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taneoasly.  We  have  stated  a  general  rule.  When  either  stream  is  without  floods 
the  channel  may  not  appear. 

One  of  the  first  examples  to  attract  the  writer's  attention  was  in  the  high  terrace 
between  Swan  lAke  creek  and  the  Missouri  river,  Walworth  coanty,  South  Dakota. 
Its  formation  dated  Imck  to  the  Glacial  period.* 

A  fTOod  recent  example  is  shown  near  Fort  Snellinjr,  at  the  junction  of  the  Min- 
nesota and  the  Mississippi.! 

Other  ancient  examples  are  found  crossing  the  hi^rh  terracet<  a1x>Te  the  janctiofl^ 
of  Loup  fork  and  Sliell  creek  with  the  Platte,  in  eastern  Nebraska,  t 

Also  the  junction  of  the  Kansas  and  Missouri  rivers,  at  Kansas  Ciiy.  The  foruier 
stream  now  occupies  the  ancient  floo<i-relief  channel. 

Of  recent  examples,  an  interesting  one  is  found  at  the  junction  of  the  Big  Fork 
or  Bow  String  with  Kainy  river,  in  northern  Minnesota;  and  in  Missouri,  the  junc^ 
tion  of  the  Grand  and  Minsouri  rivers,  near  Brunswick;  the  Osage  and  the  Mis- 
souri, above  Dodd  island;  the  Loutre  and  the  Missouri,  opposite  Herman;  the 
Missouri  and  Mississippi,  above  Mobile  island.  Other  cases  are  less  clear,  as  the 
Chariton  and  the  Missouri,  the  Nishnabotna,  Tarkio,  and  Platte  with  the  Missouri. 
The  later  are  less  clear  because  the  Missouri  in  its  windings  has  cut  into  their 
channels.     Other  examples  can  doubtless  be  found  without  difficulty. 

As  a  result  of  the  foregoing  we  have  the  following  corollaries : 

1.  If  either  stream  eventually  cuts  lower  than  the  other  the  higher  is  apt  to  take 
the  flood-relief  channel  for  its  mouth.  This  change  will  take  place  probably  in 
time  of  flood.  In  most  cases  the  tributary  will  be  the  one  taking  it.  For  example, 
the  Kansas  river  before  mentioned.  On  the  other  hand,  the  main  stream  may 
sometimes  occupy  it  by  having  its  current  thrown  through  it  l?y  the  shifting  of  its 
bends.  This  will  rarely  occur,  but  seems  to  have  been  the  case  at  Vermilion, 
South  Dakota,  when  the  main  current  of  the  Missouri  came  into  the  Vennilion  west 
of  Kidders  island  about  1860,  and  again  alwut  1874. 

2.  It  remains  to  consider  whether  fl(K)d- relief  channels  may  be  so  persistent  as 
to  keep  o|)en  during  tlieeronion  of  deep  valleys,  and  thereby  province  a  high  island 
detached  from  the  promontory  al>ove  the  junction  of  two  streams.  We  may 
readily  admit  that  the  chances  are  against  it,  for  the  meanderings  of  the  streams 
about  it  are  likely  to  destroy  such  an  island :  but  if  there  be  a  very  durable  rock  or 
rapid  currents  in  the  streams,  such  a  restilt  seems  conceivable. 

Cote  Sans  DeHsein,  which  is  a  rocky  ridge  rising  100  feet  above  low  water  in  the 
midst  of  the  valley  of  the  Mis.souri  near  its  junction  with  the  Osage,  may  be  an 
example  of  this  sort.  It  doubtless  is  a  part  of  the  ancient  divide  between  the 
Missouri  and  Osage  rivem.  Its  position  is  favorable  to  such  an  explanation  ;  but 
perhaps  it  is  more  likely  to  Ik*  the  result  of  one  stream  cutting  through  more 
recently  into  the  valley  of  the  other,  as  has  been  suggeste<i  by  Mr  C.  F.  Marbut.l 
It  is  evident  that  the  Missouri  has  encroache<l  upon  that  side  of  the  valley,  as  he 
very  clearly  shows. 

Velocity  ciirckbd  by  Overflow,  though  Six)pr  is  incrbasbd 
A  third  point  in  that  a  flooded  stream  has  its  velocity  checked  by  overflowing  its 


•S*»e  U.  8.  Gool.  Sarvoy  IJull«-tiii  144,  p.  42,  pi.  xvi.    Lower  view  by  a  typographicnl  error. 
fPnrt  ii  of  the  Ut'port  of  the  MitmexoU  Kivor,  1874,  p.  6. 
t  See  Science,  March  11,  1892,  p.  148. 
*See  Amer.  Geologist,  vol.  xzi,  p.  86. 
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fioodplain.    This  was  strongly  brought  out  by  an  investigation  of  the  great  flood 
of  the  Missouri  river  in  1881.* 
The  main  facts  of  the  report  are  given  as  follows : 

**  From  Sioux  City  to  a  point  below  Glasgow,  Missouri  '*  [that  is.  for  600  miles],  "  the  valley  was 
submerged  essentially  from  bluff  to  bluff.  Between  Sioux  City  and  Omaha,  between  Platsmouth 
and  White  Cloud,  and  between  Kansas  City  and  Glasgow,  where  the  valley  is  much  above  the 
average  width,  the  overflow  was  not  very  deep,,  but  much  of  the  water  flowed  off  through  sloughs 
and  low  portions  of  the  valley  and  did  not  pass  the  gauges  at  all.  Near  Omaha,  from  Saint  Joseph 
to  Kansas  City,  and  from  Glasgow  down,  the  valley  is  narrow.  In  the  two  first  mentioned  portions 
the  overflow  was  deep,  and  the  bed  proper  was  disregarded,  the  river  flowing  down  the  center  of 
the  valley.  Near  Glasgow  the  same  was  true  to  a  great  extent,  but  between  that  point  and  Cedar 
City  the  river  got  between  its  banks,  and  from  there  down  there  was  no  overflow  of  any  consequence 
And  DO  diversion  of  the  water  from  the  bed  proper.  The  latter  was  quite  generally  silted  up — at 
least  we  can  infer  •^o  from  the  deposits— from  (>  to  12  feet  in  depth,  which  were  afterwards  measured 
on  islands  and  bars  which  were  sheltered  from  the  fierce  currents  which  set  up  when  the  river 
returned  within  its  banks.  Deposits  on  the  bottom  lands  were  enormous  in  quantity  and  extent, 
the  immediate  banks  being  raised  for  long  distances  from  4  to  6  feet.  This  afforded  a  very  inter- 
esting exemplification  of  the  manlier  in  which  the  bank^  of  silt-bearing  streams  are  raised  above 
the  general  level  of  the  country.  From  Omaha,  Saint  Joseph,  Kansas  City,  and  Glasgow  reports 
were  received  that  after  the  river  got  out  of  its  banks  the  rate  of  rise  increased,  while  the  current 
wasf  so  materially  slackened  in  the  course  of  a  few  hours  that  skiffs  could  row  about  with  ease, 
although  before  the  river  left  its  banks  and  after  it  returned  to  them  the  current  was  so  strong 
that  even  steamboats  were  unable  to  stem  it. 

*'  The  greatest  rises  heretofore  observed  were  about  7  feet  lower  at  Sioux  City  than  the  one  under 
consideration.  Their  crests  took  from  6  to  7  days  to  reach  Saint  Charles,  while  this  one  took 
12  days."  [Moreover,  this  retardation  was  mainly  in  the  wide  portions  of  the  valley.]  **  Now  it  is, 
we  think,  obvious  that  these  extraordinary  results  can  only  be  explained  by  the  fact  that  the  river 
was  oat  of  its  banks,  ft  was  practically  transferred  from  ita  normal  section  to  one  of  small  depth 
but  miles  in  width.  The  slope  was  about  double,  but  this  was  not  enough  to  offset  the  immense 
increase  of  frictional  resistance.  Consequently  the  freedom  of  flow  was  so  greatly  checked  that 
the  water  in  the  rear  piled  up  on  that  in  front  and  produced  the  abnormal  rise. 

**Any  fill  which  took  place  in  the  bed  proper  during  the  overfiow  was  pretty  much  scoured  out 
on  the  falling  stage,  after  the  river  got  within  its  banks  again.  From  all  points  it  was  reported 
that  daring  this  period  the  force  and  velocity  of  the  current  were  extraordinary.  Bars  which  had 
been  permanent  fixtures  for  years  were  removed,-  and  a  general  deepening  was  noted  on  all 
sounded  sections ;  but  on  islands  and  bars  which  were  sheltered  from  this  great  scour  the  depth 
of  the  deposits  gives  sufficient  evidence  of  the  extent  to  which  fill  took  place  during  the  overflow. 
It  WHS  thought  that  the  effect  of  the  flood  would  be  to  leave  permanent  deposits  which  would  affect 
the  low-water  plane,  but  such  does  not  seem  to  have  been  the  case."  f 

This  possibility  of  a  river  putting  on  lacustrine  conditions  while  its  slope  is 
much  increased  is  not  only  surprising  but  has  several  important  bearings. 

1.  It  explains  the  common  loam  or  silt  capping  extensively  bottom  lands  and 
terraces.  To  be  sure,  ordinary  overflows  tend  in  the  same  direction,  but  they  are 
evidently  incompetent  to  produce  the  deep  loam  uniformly  covering  all  such  re- 
gions. This  loam  is  found  not  only  deeply  covering  the  bottom  lands  of  the  Mis- 
souri, but  also  the  high  terraces  of  the  Glacial  epoch.  Upon  the  latter  it  is  found 
frequently  more  than  a  dozen  feet  in  depth  and  sometimes  reaches  a  depth  of  30 
feet.  The  latter  depths  are  found  not  far  below  the  mouth  of  the  Cheyenne  river, 
and  Doctor  Hayden  in  his  report  seems  to  have  classified  them  with  his  "cal- 
careous marl"  or  ** loess,"  which  he  says  extends  along  tlie  Missouri  to  that  point. 
The  low-level  loess  at  Saint  Joseph,  Kansas  City,  and  Glasgow,  Missouri,  may  be 

♦  Report  of  the  Mississippi  River  CummisHion,  1881,  p.  136. 
t  Missouri  Geological  Survey  Report,  vol.  x,  p.  207. 
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easily  aoooaoted  for  bjr  soch  a  flood,  on  a  grander  scale,  attendinc  the  melting  of 
the  ioe-sheet  of  the  Wisconsin  stage  in  Dakota.* 

2.  It  is  not  difficalt  to  extend  the  analogy  also  to  the  streams  draining  the  ioe- 
sheet  at  the  end  of  the  Kansan  stage  of  the  Glacial  epoch,  and  thus  explain  the 
vastly  wider  silt-sheets,  known  as  loess  or  "  upland  loess."  Snch  a  view  will  go 
farther  toward  explaining  the  massive  structure,  the  wide  stretches  of  flat  sur&ce, 
and  yet  considerable  range  of  level  of  that  problematic  deposit.  Of  couree,  we 
would  not  Ije  suspected  of  ignoring  the  results  of  subsequent  erosion  and  creeping, 
nor  of  the  frequently  important  influence  of  seolian  action. 

3.  We  have  in  this  phenomenon  another  obstacle  to  the  easy  calculation  of  the 
discharge  of  rivers  by  simply  noting  the  rise  of  water  upon  eauges ;  for  the  chan- 
nel is  vastly  widened,  so  that  the  gauge  ceases  to  be  the  proper  measure  of  the 
cross-section  on  that  account.  But  a  still  more  important  difficulty  results  from  the 
temporary  filling  of  the  regular  channel.  This  is  likely  to  be  overlooked,  and  yet 
the  fact  of  its  occurrence  seems  clearly  established.  The  great  flood  of  1881  wa« 
doubtless  exceptional  in  degree,  yet  it  shows  the  working  of  conditions  efficiently 
present  in  any  flood  where  the  water  overflows  the  banks.  It  will  be  noted  that 
this  tendency  is  in  the  opposite  direction  of  the  phenomenon  first  noted  in  this 
paper.  It  seems  that  as  long  as  the  water  remains  in  the  banks  a  flood  cats  out 
at  the  bottom  of  the  channel,  but  as  soon  as  the  water  begins  to  overflow,  espe- 
cially when  a  considerable  current  begins  to  traverse  the  bends  of  the  stream,  the 
flow  in  the  channel  proper  is  checked  and  rapid  deposition  begins;  hence  the  dis- 
charge of  water  will  be  much  less  than  would  be  inferred  from  the  reading  of  the 
gauges. 

The  following  paper  was  read  by  the  author: 

FORT  CASSiy  BEDS  /.V  THE  CA  LCI  FERGUS  LIMESTONE  OF  DUTCHESS  COUyTY, 

NEW  YORK 

BY  W.    B.  DWIGHT 

Hitherto,  in  the  large  and  unique  assemblage  of  fossils  of  the  Oftlciferons  lime- 
stone of  Dutchess  county,  New  York,  no  special  relations  to  the  remarkable  fiiana 
of  the  Upper  (?)  Calciferoua  beds  of  Fort  Cassin,  Vermont,  have  been  discovered, 
unless  in  the  relative  abundance  and  prominence  of  oephalopods. 

This  is  easily  explained  by  the  fact  that  the  characteristics  of  the  Dutchess  Coantv 
cephaloiK)d8,  especially  the  frequency  of  the  septa,  and  the  complicated  forms  of 
the  septal  necks  show  that  the  main  Calciferous  beds  (conveniently  designated  the 
Cyrtoceras  vassarinuni  beds)  of  Dutchess  county  are  much  older  than  the  Fort 
Cassin  beds. 

A  recent  careful  study  reveals  the  presence  in  Dutchess  county  of  a  layer  quite 
persistent  througiiout  the  nearly  30  miles  of  extent  of  fossiliferous  calciferons strata, 
which  contains  a  peculiar  fauna  entirely  diflerentiated  from  the  fauna  of  the  main 
or  Cyrtoceras  vassarinum  beds.  It  is,  in  places,  absolutely  crowded  with  fossils, 
largely  fragments  of  small  trilobites,  but  it  lacks  cephalopods  almost  entirely. 


*  Missouri  Geological  Survey  Report,  vol.  x,  p.  SOT. 
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There  are  no  important  fossils  in  common  in  the  two  beds,  except  two  or  three 
which  are  generally  found  in  all  calciferous  fossiliferous  beds. 

On  the  other  hand,  this  layer  is  plainly  related  to  the  Fort  Cassin  beds  in  the 
presence  of  the  Aiaphua  cancUis  and  Synlr<yphia  lateralis  of  those  beds  in  abundance, 
and  also  probably  of  Lophospira  castina.  The  stratigraphic  relations  of  this  layer 
are  as  yet  qnite  uncertain.  The  confused  condition  of  the  greatly  folded  and  faulted 
stratA  of  Dutchess  county  have  made  it  impossible  to  determine  them  as  a  question 
of  superposition.  Its  relations  to  the  Fort  Cassin  beds  seem  to  place  it  above  the 
Cyrtoceras  vassarinum  beds,  in  view  of  the  more  ancient  types  of  the  latter  over 
those  of  Fort  Cassin  ;  yet  the  presence  of  quite  a  number  of  black  linguloid  fossils 
resembling  Lingulepis  pinniformist  which  do  not  occur  in  the  vassarinum  beds,  sug- 
gests a  lower  stratigraphic  position. 

As  there  is  much  doubt  about  the  true  horizon  of  the  Fort  Cassin  beds,  the 
results  of  further  investigations  in  that  vicinity  will  have  an  important  bearing  on 
the  stratigraphic  relations  of  this  Dutchess  county  layer.  It  differs  remarkably 
from  the  Fort  Cassin  beds  in  the  extreme  scarcity  of  cephalopods. 

Remarks  upon  Professor  Dwight's  paper  were  made  by  C.  D.  Walcott. 

The  next  paper  was  read  by  title : 

MIOCENE  FA  UNAS  OF  PA  TAGONIA 
BY  W.   B.   800TT 

The  following  paper  was  read  by  the  author : 

OLACIATION  OF  THE  WESTERN  PENINSULA  OF  ONTARIO 

BY  P.  B.   TAYLOR 

Remarks  were  made  by  W.  M.  Davis  and  A.  P.  Coleman. 
The  next  paper  was  also  read  by  the  author: 

DEVELOPMENT  OF  THE  BASAL  ARMS  OF  CERTAIN  CRINOIDS 

BY   A.    W.    ORABAU 

Remarks  were  made  by  H.  M.  Ami  and  W.  M.  Davis. 

The  three  remaining  papers  of  the  program  were  read  by  title. 

THE  ATCHISON  DEEP  WELL 
BY   ERASMUS   HA  WORTH 

SAND   CRYSTALS  AND   THEIR  RELATION  TO  CERTAIN  CONCRETIONARY  FORMS 

BY   S.    H.  BARBOUR 

The  paper  is  printed  as  pages  165-172  of  this  volume. 
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BROAD  VALLEYS  OF  THB  CORDILLERAS 


BY    N.    S.    SKALBK 


The  paper  is  printed  as  pages  271-300  of  this  volume. 
The  Society  then  adjourned. 
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The  following  Fellows  were  in  attendance  at  the  meeting : 


F.  D.  Adams. 
H.  M.  Ami. 
Robert  Bell. 
A.  P.  Brigham. 
A.  H.  Brooks. 
M.  R.  Campbell. 
J.  M.  Clarke. 

A.  P.  Coleman. 
Whitman  Cross. 
H.  P.  Cushing. 
W.  M.  Davis. 

G.  M.  Dawson. 
J.  S.  Diller. 

W.  B.  DWI  GHT. 

B.  K.  Emerson. 
H.  L.  Fairchild. 

A.  F.  FOERSTE. 

G.  K.  Gilbert. 
A.  C.  Gill. 
A.  W.  Graham. 
S.  C.  Glenn. 

C.  H.  Hitchcock. 
T.  C.  Hopkins. 

E.  O.  HOVEY. 

J.  P.  Iddings. 
J.  F.  Kemp. 


h.  b.  kummel. 
William  McInnes. 

F.  J.  H.  Merrill. 

G.  P.  Merrill. 
S.  L.  Penfield. 
R.  A.  F.  Penrose. 
W.  N.  Rice. 
Heinrich  Ries. 
Charles  Schuchert. 
W.  B.  Scott. 

N.  S.  Shalkr. 
G.  B.  Shattuck. 
G.  0.  Smith. 
J.  C.  Smock. 
R.  S.  Tarr. 
F.  B.  Tayix)r. 
F.  R.  Van  Horn. 

A.  W.  VOGDES. 

C.  D.  Waloott. 
H.  S.  Washington. 
I.  C.  White. 
H.  S.  Williams. 
N.  H.  Winchell. 
J.  E.  Wolff. 

J.  B.  WOODWORTH. 


Total  attendance,  51. 
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Session  of  the  Cokdilleran  Skction,  Friday,  December  28 

The  second  annual  meeting  of  the  Cordilleran  Section  of  the  Society 
was  called  to  order  at  10.30  a  m,  December  28, 1900,  in  the  council-room 
of  the  California  Academy  of  Sciences,  San  Francisco. 

In  the  absence  of  the  Chairman,  Professor  Joseph  Le  Conte,  Mr  W.  P. 
Slake*  was  elected  temporary  Chairman. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  election  of  officers  for  the  ensuing  year  was  then  taken  up,  with 
the  following  result : 

W.  C.  Knight,  Chairman;  A.  C.  Lawson,  Secretary;  A.  S.  Eakle, 
Councillor. 

These  three  officers  are  to  serve  as  an  Executive  Committee  for  the 
year. 

A  committee  consisting  of  Fellows  Lawson,  Branner,  and  Claypole  was 
appointed  to  formulate  rules  and  regulations  for  the  government  of  the 
Section. 

The  following  papers  were  then  read : 

EVIDENCES  OF  SHALLOW  SEAS  IN  PALEOZOIC  TIME  IN  SOUTHERN  ARIZONA 

BY  WILLIAM  P.    BLAKB 

[^Abstract"] 

In  the  mountain  ranges  of  southern  Arizona  there  is  abundant  evidence  of  shal- 
low seas  and  shorelines  in  Paleozoic  time.  These  shores  were  not,  perhaps,  a 
continental  margin,  but  rather  the  borders  of  islands,  crests  of  submerged  moun- 
tain ranges  rising  at  intervals  above  the  Paleozoic  ocean  and  with  a  trend  or  dii'ec- 
tion  corresponding  eventually  to  the  direction  of  the  mountain  ranges  of  the 
region. 

A  cross-section  of  the  territory  northeasterly  from  the  gulf  of  California  shows 
a  succession  of  mountain  ran^s,some  fifteen  in  number,  in  most  of  which  ancient 
sandstones  and  conglomerates  of  Paleozoic  age  have  been  identified.  Many  of  the 
exposures  of  quartzite  are  very  thick,  and  these  quartzites  generally  rest  upon  a 
Coarse-grained  porphyritic  ^^ranite.  Deep-sea  deposits  are  not  wanting.  Thick 
beds  of  limestone,  especially  those  of  the  (/arboniferous,  give  evidence  of  depressed 
areas  and  of  oscillations  of  level.  So  ali^o  the  existence  of  thick,  uplifted  beds  of 
graphitic  coal  in  theChiricahua  mountains  bear  testimony  to  the  former  existence 
of  land  areas,  and  show  a  far  western  extension  of  the  vegetation  of  the  Carbon- 
iferous. 

Two  localities  of  Devonian  beds  were  described — one  in  the  Santa  Ritas  and 
another  at  the  northern  end  of  the  Santa  Cutalina  mountains. 

The  probable  existence  of  Cambrian  beds  at  several  places  was  pointed  out,  and 
the  ancient  tabular  f^neiesic  rocks  of  the  Catalinas  were  referred  to  the  Archean 
and  regarded  as  probable  equivalents  of  the  Huronian  and  Laurentiau. 


*  Mr  Blake  is  an  ex-Fellow  of  the  Society. 
LXX— Bull.  Oml.  3oc.  Am.,  Vol.  12,  19U0 
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SIERRA  MADRB  NEAR  PASADENA 
BY  K.   W.   CLAYPOLJE 

I  Abstract] 

The  paper  opened  with  an  expression  of  the  sarpnse  with  which  jceologists  who 
)iave  worked  principally  in  the  east  witness  the  enormous  development  and  the 
excessive  diastrophism  exhibited  by  Tertiary  and  even  by  very  late  Tertiary  strata 
in  the  west,  and  these  characters  are  as  well  seen  in  California  as  in  any  otlier 
western  state.  The  whole  Tertiary  period  has  apparently  been  signalized  by  thick 
accumulation,  with  alternate  elevation  and  depression.  Not  less  has  its  passage 
been  characterized  by  volcanic  outbursts  of  intense  energy  and  by  quiet  outflows 
of  lava  almost  unequaled  in  massiveness  and  extent. 

Two  great  moutitain  ranges  diverging  in  the  north  and  meeting  again  in  Kern 
county  inclose  between  them  the  San  Joaquin  valley.  This  southern  meeting 
forms  one  of  the  great  natural  features  of  the  state — the  Tehachapi  divide. 

8{)eaking  now  only  for  the  soutliern  part  of  the  state,  there  seems  ample  ground 
for  the  belief  that  these  ranges  have  existed  from  at  least  Cretaceous,  if  not  from 
earlier  Mesozoic,  time.  It  is  not  otherwise  easv  to  find  a  sonrce  for  the  enormous 
Pliocene,  Miocene,  and  Eocene  accumulations  of  the  Pacific  margin  so  far  from 
the  Sierra  Nevada. 

Thick  gneissic  strata  of  two  types,  and  standing  nearly  vertical,  compoBe  the 
range  of  the  Sierra  Madre  near  Pasadena.  That  to  the  south  contains  a  large  [>ro- 
portion  of  hornblende,  weathera  rapidly  and  deeply,  and  is  consequently  eriMied 
with  comparative  facility.  That  to  the  north  is  largely  feldspathic,  contains 
little  hornblende,  and  of  it  consist  the  white  crags  that  stand  out  so  boldly  on  the 
upper  slopes.  Tlie  former  of  these  masses  cannot  be  less  than  2,000  to  3,000  feet 
thick,  but  it  does  not  rise  in  the  mountain  to  a  greater  height  than  3,o00  feet. 

Of  the  wreckage  from  these  two  gueissic  masses,  the  material  filling  the  valley 
of  Pasadena  is  composed.  From  great  boulders  near  the  foot  of  the  Sierra  it  grad- 
ually dimini^jhes  till  it  becomes,  in  many  places,  a  fine  gravel,  and  at  last  a  fine 
silt.  This  last  composes  the  adobe  land  around  Los  Angeles,. and  also  the  many 
sheets  of  the  same  material  which  lie  in  the  gravel,  and  are  the  holding  ground  of 
the  water  supply.  This  has  been  so  largely  exploited  during  the  two  late  dry 
seasons  that  the  work  has  resulted  in  restoring  confidence  in  the  water  resources 
of  the  valley,  of  which  some  had  become  rather  doubtful. 

The  highly  aluminous  nature  of  many  of  these  beds  indicates  a  very  extensive 
decay  or  kaolinization  of  the  gneisses  of  the  Sierra  and,  together  with  the  diluvial 
arrangement  of  the  Pleistocene  wash  in  the  valley,  rather  indicates  a  long  contin- 
uance of  the  present  climatic  conditions  than  a  past  of  greater  and  steadier  rainfall. 

The  multiplication  of  wells  has  not  yet  shown  any  effect  in  lowering  the  water- 
level,  unless  perhaps  in  a  few  cases,  and  this  result  is  the  more  surprising  and 
gratifying  because  it  comes  after  two  dry  seasons,  in  which  only  11  inches  of  rain 
have  fallen.  Already  this  year  a  greater  total  has  been  received  than  the  abo%T, 
though  the  wet  period  has  scarcely  begun. 

When  to  this  is  added  the  storage  of  the  rainwater  in  tanks  and  ponds  and  the 
reforesting  of  the  Sierras,  wherever  possible,  it  will  be  seen  that  the  maintenance 
of  the  water  supply  in  the  future  is  encouraging. 
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After  considerable  discussion  of  both  papers,  the  Section  adjourned  at 
12.30  p  m,  to  meet  at  Berkeley  in  the  afternoon. 

At  2.30  p  m  the  Section  met  in  the  rooms  of  the  Geological  Depart- 
ment of  the  University  of  California  and  proceeded  with  the  reading  of 
the  papers  on  the  program. 

The  following  papers  were  then  read  and  discussed : 

DRAINAQB  PBATURE8  OF  CALIFORNIA 
BT  ANDRRW  C.    LAWBON 

[Ahitracl'] 

A  comparative  etiidy  of  the  geomorphy  of  the  Sierra  Nevada  and  the  Coast  ranges. 
There  is  a  remarkable  contraat  in  the  character  of  the  river  valleys  in  the  two 
mountain  systems,  those  of  the  Sierra  Nevada  being  consequent  and  thegeomorphy 
immature,  while  those  of  the  Coast  ranges  are  snheequent  and  thegeomorphy  ma- 
ture. In  the  Coast  ranges  the  geomorphic  profiles  of  the  river  valleys,  leaving  out 
of  consideration  the  head-water  streams,  are  not  so  steep  as  in  the  Sierra  Nevada, 
and  the  valleys  are  much  wider  as  a  general  rule.  The  divides  are  rounded  or 
ri<1ge  like,  with  but  small  remnants  of  the  earlier  geomorphic  cycle  identifiable, 
in  the  Coast  ranges,  while  in  a  large  part  of  the  Sierra  Nevada  the  divides  have  a 
marked  table  or  plateau  form.  The  drainage  of  the  Coast  ranges  is  clearly  con- 
trolled by  the  structure  of  the  coutitry,  while  the  streams  of  the  sierra  Nevada  cut 
acroiis  the  strike  of  the  rocks  and  have  made  but  little  headway  in  the  working  out 
of  canyons  along  the  strike  of  the  sjfter  formations. 

The  Klamath  river  is  regarded  by  the  author  as  partly  having  the  consequent 
character  of  the  Sierra  Nevada  drainage  and  partly  the  character  of  the  C^ast  Range 
drainage.  The  Trinity  river  and  its  prolongation  in  the  lower  Klamath  belongs 
to  the  Coast  Range  system,  being  parallel  to  the  strike  of  the  country  and  in  part 
mature  in  its  development,  while  the  upper  Klamath  is  consequent  and  young. 
This  afifords  us  a  basis  for  the  separation  of  the  Klamath  mountains  from  theCoaal; 
ranges,  and  supports  the  orogenic  correlation  of  the  Klamath  mountains  with  the 
Sierra  Nevada.  The  comparison  thus  made  points  clearly  to  the  conclusion  that 
the  Sierra  Nevada  and  probably  also  the  Klamath  mountains  are  of  later  date  than 
the  emergence  of  the  Coast  ranges  which  inaugurated  the  present  cycle  of  geo- 
morphic evolution.  But  the  subsequent  valleys  of  the  Coast  ranges  are  in  several 
instances  known  to  have  been  evolved  after  the  deformation  of  the  Pliocene,  and 
we  are  thus  forced  to  place  a  very  late  geological  date  upon  the  tilting  of  the  Sierra 
Nevada  orographic  block. 

DESCRIPTION  OF  BATES  HOLE,  WYOMING* 
BY  WILBUR  C.    KNIGHT 

[^Abstract] 

Bates  hole,  a  great  natural  depression,  is  located  along  the  east  and  west  bound- 
ary line  between  Carbon  and  Natrona  counties,  Wyoming,  extending  southward 

*  Illastrated  with  lautern  slides,. 
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from  6  to  10  miles  into  Carbon  county  and  from  20  to  25  miles  into  Natrona  county. 
The  bottom  of  this  depression  is  800  feet  below  the  rim  near  the  head  and  over 
1,700  feet  below  it  near  the  Platte  river.  The  drainage  is  practically  confined  to 
Camp  creek,  which  rises  at  the  southern  end  of  the  hole,  but  which  affords  water  . 
for  only  a  portion  of  the  year,  and  Bates  creek,  which  rises  in  the  Laramie  moun- 
tains and  furnishes  quite  a  stream.  The  country  about  this  area  is  comparatively 
level,  but  to  the  eastward  only  a  few  miles  rise  the  Laramie  mountains,  and  to  the 
westward  the  Indian  grove  and  other  ranges,  which  are  made  up  of  Mesosoio, 
Paleozoic,  and  Archean  rocks.  In  length  Bates  hole  varies  from  25  to  35  miles, 
and  in  width  from  6  to  12  miles,  the  lower  end  being  much  the  wider.  The  domi- 
nant formation  entering  into  the  structure  of  this  region  is  Tertiary,  but  this  restf 
nearly  horizontally  on  a  very  uneven  floor  of  older  rocks,  which  in  the  central 
portion  have  been  exposed  and  suffered  extensive  erosion.  From  the  rim  the 
slopes  are  very  steep  throughout,  seldom  being  less  than  15  to  20  degrees  and 
usually  much  higher,  and  in  many  instances  from  28  to  34  degrees.  Occasionally 
there  are  vertical  walls  of  (he  Tertiary  rocks  from  100  to  200  feet,  carved  in  the 
most  unusual  manner  and  often  cut  with  deep,  narrow,  dry  gorges.  Capping  the 
highest  Tertiary  escarpments  there  is  a  heavy  conglomerate  of  unknown  age. 
Beneath  this  are  the  Titanotherium  beds,  which  have  a  thickness  of  about  600 
feet,  and  in  local  depressions  in  the  Cretaceous  series  underlying  this  region  there 
is  a  third  series  of  Tertiary  beds,  composed  of  variegated  clays  and  sands,  that  is 
in  all  probability  Eocene.  Along  the  Platte  river  all  of  the  Tertiary  rocks  have 
been  removed,  and  along  the  Laramie  mountains  there  are  exposed  in  natnral 
order  Cretaceous,  Jurassic,  Triassic,  Carboniferous,  Cambrian,  and  Archean  as 
one  ascends  the  range.  Along  the  Tertiary  escarpments  are  numerous  stunted 
pines  (Piniis  flexlis)  whose  roots  are  exposed  from  1  to  8  feet,  which  signifies  very 
rapid  erosion.  This  erosion  has  been  very  general,  and  data  which  will  aid  as  in 
determining  the  age  of  Bates  hole  are  well  in  hand. 

GEOLOGICAL  SECTION  THROUGH  JOHN  DAY  BASIN* 

BY  J.    C.    MBKRIAM 

[Abstract] 

The  John  Day  river  and  its  tributaries  have  exposed  in  the  erosion  of  theircan- 
yons  about  10,000  feet  of  strata,  giving  a  full  series  of  formations  from  Lower  Cre- 
taceous to  Quaternary. 

The  oldest  rocks  in  this  region  which  are  known  to  the  writer  are  a  series  of 
altered  sedimentaries  in  the  northeastern  part  of  the  basin.  They  are  pretty  cer- 
tainly of  pre-Cretaceous  age  and  are  underlain  by  quartz  diorite,t  which  is  presum- 
ably intruded  into  them. 

On  Bridge  creek,  near  Mitchell,  a  great  thickness  of  Cretaceous  is  exposed.  The 
lower  2,000  to  3,000  feet  of  this  section  are  typical  Knoxville.  The  upper  1,000  to 
2,000  feet  are  Chico. 

Resting  upon  the  Chico,  near  Mitchell,  also  showing  typical  exposures  at  Clarnos 
ferry,  is  a  presumably  Eocene  formation,  to  which  the  name  Clarno  is  given.    This 

*The  paper  wa.«  illustrated  with  lAnt^rn  slides  showing  the  principal  fornnatione  and  their  rela- 
tions to  each  other, 
t  Determined  by  Frank  C.  Calkins, 
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formation  is  made  ap  entirely  of  tuffs,  ashes,  and  lavas.     In  places  it  contains  many 
plant  remains  and  is  apparently  in  part  a  fresh-water  formation. 

The  John  Day  formation  rests  directly  upon  the  Clarno  at  Clarnos  ferry.  The 
basin  in  which  it  was  depositetl  is  quite  different  from  that  of  the  Clarno.  It  pfrob- 
ably  rests  unconformably  upon  that  formation.  The  Lower  John  Day  beds  are 
considerably  contorted  in  some  localities.  Ordinarily  they  are  colored  a  deep  reil. 
Fossil  remains  are  exceedingly  rare  in  this  division. 

The  blue-gp'een  beds  of  the  Middle  John  Day  are  very  fossil iferous.  They  corre- 
spond to  the  Diceratherium  beds  of  Wortman.  The  Upper  or  Buff  beds  of  the  John 
Day  lap  over  the  middle  division  and  rest  in  places  upon  the  older  formations. 
The  upper  division  corresponds  to  the  Merycochoerus  beds  of  Wortman.  As  Mery- 
cochceru8  does  not  occur  in  the  John  Day,  the  upper  division  will  be  called  the  Para- 
cotylops  beds.  This  name  is  based  on  the  new  generic  name  proposed  by  W.  D. 
Matthew  for  the  Upper  John  Day  oreodons,  originally  supposed  to  be  Merycochctrus. 

The  Columbia  lava,  an  extension  of  the  lavas  on  the  Columbia  river  to  the  north, 
rests  unconformably  pn  the  crumpled  John  Day  formation.  The  name  Columbia 
lava  should  be  restricted  to  this  horizon  of  the  lavas  in  this  region,  as  other  beds 
included  in  this  group  belong  in  some  cases  to  different  geological  periods. 

The  Cottonwood  (Loup  Fork)  formation,  near  1,000  feet  in  thickness,  rests  on  the 
Columbia  lava.  The  Van  Horn  Ranch  plants,  which  have  genemlly  been  consid- 
ered as  John  Day,  are  from  this  horizon.^  Remains  of  a  true  John  Day  flora,  which 
had  not  previously  been  known,  were  discovered  by  the  University  of  California 
expedition  in  1900.  The  discovery  of  the  true  stratigraphic  position  of  the  Van 
Horn  Ranch  flora  explains  the  apparent  inverted  position  of  the  Neocene  forma 
tions  in  central  Washington. 

Resting  on  the  worn  edges  of  the  Cottonwood  beds  is  the  Rattlesnake  formation, 
comprising  several  hundred  feet  of  gravel,  tuff,  and  lava. 

In  canyons  cut  through  the  Rattlesnake  and  Cottonwood  are  several  terraces. 
Remains  of  elephants  and  later  horses  found  in  the  lower  terrace  deposits  show 
that  they  were  formed  in  Quaternary  time. 

The  Section  then  adjourned  to  meet  at  the  same  place  at  10  o'clock 
the  following  morning,  the  exhibition  of  slides  illustrating  Doctor  Mer- 
riam's  paper  being  postponed  till  that  time. 


Session  of  the  Cordilleran  Section  Saturday,  December  29 

The  Section  met  at  10  a  m  in  the  rooms  of  the  Geological  Department 
of  the  University  of  California,  the  chairman-elect,  Professor  Knight,  in 
the  chair. 

Dr  J.  C.  Merriam  exhibited  the  lantern  slides  illustrating  his  paper. 
The  following  papers  were  then  read  and  discussed ; 


498  PROCBEDINGS  OF   THE   ALBANY   MEETING 

QEOLOQY  OF  THE  GREAT  BASIN  IN  CALIFORNIA  AND  NEVADA* 

BY  H.    W.    TURN  KB 

[AbUrad] 

The  ridges  of  the  western  edge  of  the  Great  Basin  in  Nevada  and  eastern  Gali- 
fornia  are  usually  very  complex  in  stnicture  and  composition.  They  comprise 
sediments  of  Paleozoic  and  Jura-Trias  age,  much  disturbed  at  some  points  by  in- 
trusions of  granolites.  In  Tertiary  time  there  were  extensive  lakes,  and  contem- 
poraneous with  these  lakes,  and  also  later,  are  lavas  and  tuffs  in  large  amounts, 
chiefly  rhyolites,  andesites,  and  basalts.' 

Structurally,  the  region  is  characterized  by  ranges  upheaved  along  normal  faults, 
but  in  places  previously  folded.  A  portion  of  the  Silver  Peak  range  is  composed 
of  a  series  of  granites,  gneisses,  and  schists  which  are  pre-Cambrian  in  age  and 
presumably  Archean.  The  sedimentary  rocks  range  from  the  oldest  Cambrian  to 
Recent,  but  no  rocks  of  Cretaceous  age  are  known  to  be  preeent.  The  Paleozoic 
and  older  Mesozoic  termnes  are  intruded  by  a  great  variety  of  granolites.  There 
is  some  serpentine  that  appears  to  have  formed  from  diopside,  that  mineral  pos- 
sibly being  derived  from  the  metamorphism  of  magnesian  limestone. 

The  formation  of  the  ranges,  or  at  least  their  latest  uplifts,  dates  from  the  late 
Tertiary  and  post- Tertiary  time.  ^ 

They  were  elevated  along  normal  faults,  the  valleys  being  in  part  8ul)8ided  areas, 
oflen  of  the  nature  of  rock  basins,  whose  rims  are  composed  of  rocks  older  than 
the  desert  detritus. 

There  are  some  gneispes  pretty  certainly  of  pre-Cambrian  age.  These  gneisses 
underlie  Lower  Cambrian  sediments  rich  in  fossil  remains  alf  some  points.  There 
is  an  exteuRive  chert  series  containing  abundant  graptolites  supposed  to  be  of 
Lower  Silurian  age.  There  are  I^ower  Trias  beds  in  the  Inyo  range  and  Jurassic 
limestone  in  the  Pilot  mountains. 

The  lavas  consist  of  a  Paleozoic  series  comprising  meta-rhyolites,  keratophyres, 
and  meta-dacites  and  a  Tertiary  series  of  i;hyolites,  latites,  dacites,  andesites,  and 
basalts,  the  succession  taken  in  a  large  way  being  about  in  the  order  named. 
There  are,  however,  rhyolites  and  andesites  of  different  ages,  and  one  type  of 
dacite  is  among  the  oldest  of  the  Tertiary  lavas. 

The  supf)osed  Archean  rocks  contain  gold-silver  quartz  veins  of  great  value. 

A  series  of  Tertiary  lake  beds  contain  beds  of  coal  and  abundant  plant,  mollus- 
can,  and  fish  remains  and  the  play  as  of  the  valleys  rich  deposits  of  chloride  of 
sodium  and  borax. 

QEOLOQY  OF  THE  THREE  SISTERS,  OREQON 
BY  H.    W.    FAIRBANKS 

I  Abstract] 

The  Three  Sisters  form  a  group  of  volcanic  peaks  on  the  summit  of  the  Cascade 
range  in  central  Oregon.  They  rise  to  a  height  of  about  10,000  feet,  and  are  quite 
similar  in  many  re8)>ects  to  the  other  great  volcanic  peaks  which  mark  the  crest  of 
the  Cascade  range  through  Oregon  and  Washington. 

*  The  paper  was  illustratod  with  lantern  slides. 
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This  grdup  of  peaks  is  marked  by  the  presence  of  a  glacier  nearly  three  miles 
long  and  a  half  a  mile  wide. 

To  the  north  of  the  peaks  recent  volcanic  activity  is  indicated  by  extensive  flows 
of  basic  lavas.  Volcanic  ernptions  have  occurred  since  the  Glacial  period,  as 
shown  by  the  relation  of  the  lavas  to  the  grooved  and  polished  surfaces.  A  volcanic 
cone  on  the  North  Sister  lies  in  the  path  of  the  present  glacier. 

Petrographically  the  region  is  also  an  interesting  one. 

At  12.30  p  m  the  Section  adjourned  for  luncheon. 

After  luncheon  the  following  papers  were  read  and  discussed  : 

SKETCH  OF  THE  PEDOLOQWAL  GEOLOGY  OF  CALIFORNIA 

BY   B.    W.    HILGARD 

I  Abstract^ 

Owing  to  the  great  climatic  diversity,  the  rainfall  varying  from  2  inches  at  the 
south  to  as  much  as  80  inches  in  the  north,  even  a  Hketch  of  the  soil  conditions  of 
California  must  take  the  climates  into  consideration.  The  cardinal  difference 
between  rock  de(X>m position  in  arid  as  compared  with  humid  climates  lies  in  the 
retardation  of  kaolinization,  as  exemplified  in  the  monoliths  of  Kgypt  and  the 
granites  of  the  Sierra  Madre,  as  compared,  for  example,  with  the  Alleghanies. 
Hence  in  northern  California  and  on  the  higher  Sierra  Nevada  we  find  loams  and 
clay  soilSj  while  at  the  lower  levels  and  in  southern  California  the  soils  are  '*  dusty  " 
or  sandy,  except  where  derived  from*  preexisting  clay  formations,  which  give  rise 
to  •* adobe,*'  and  in  the  upper  valleys  of  the  rivers  of  the  Sierra,  which  carry  the 
materials  from  the  higher  levels. 

Throughout  the  middle  and  southern  parts  of  the  State,  where  no  rains  of  con- 
sequence f&\\  between  May  and  November,  not  only  is  the  soil  ma^s  usually  of 
exti'aordinary  depth,  but  is  scarcely  changed  for  several,  sometimes  for  4  to  10, 
feet.  There  is  practically  no  subsoil,  in  the  usual  sense,  in  the  absence  of  clay  ; 
water,  roots,  and  air  penetrate  together  to  depths  impossible  in  the  regions  of 
summer  rains,  and  hence  the  extraordinary  endurance  of  drought,  even  by  plants 
foreign  to  the  arid  region.  Moreover,  these  soils  almost  universally  contain  high 
percentages  of  lime  and  potash,  due  to  the  absence  of  the  leaching  process,  which, 
on  the  other  hand,  resnlts  in  the  formation  of  "alkali  soils" — too  complex  a  sub- 
ject to  be  dealt  with  here. 

**Sand"  in  the  arid  soils  is  not  merely  quartz  grains,  but  consists  of  all  the 
original  minerals,  superficially  decomposed.  Hence  sandy  lands  are  here  fully  as 
rich  as  clav  lands  are  elsewhere. 

In  the  Great  valley  it  is  easy  to  recognize  by  their  microscopic  characters  the 
alluvial  areas  of  the  several  rivers  coming  in  from  the  Sierra.  Even  here  the 
greater  rainfall  of  the  Sacramento  is  evidenced  by  loam  and  clay  lands,  as  com- 
pared with  the  San  Joaquin  valley,  whei*e  sandy  and  silty  lands  prevail  altogether. 
As  the  rainfall  decreases  toward  the  Coast  ranges,  the  **  lightest"  are  found  under 
the  ari4  lee  on  the  west  border  of  the  valley.  In  its  axis,  in  the  "  tule  lands,"  as 
well  as  on  the  borders  of  the  bays  near  its  outlet,  heavy  clay  soils  are  being  formed 
in  the  slack  water,  while  the  streams  coming  from  the  Coast  ranges  are  bordered 
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by  light,  silty  lands,  the  ''truck  lands''  from  which  San  Francisco  markets  are 
snpplieil.  Along  the  foothillfl  of  the  Sierra  there  lies  a  belt,  of  varying  width,  of 
heavy  red  clay  lands,  probably  derived  from  lone  formation  and  frequently  closely 
packed  with  gravel.  These  materials  are  intrinsicjiUy  poor  in  plant  food,  and, 
being  difficultly  penetrable  by  roots,  have  cause<i  much  disappointment  to  settlers, 
and  were  the  first  to  be  treated  by  the  enei^tic  method  of  blasting  with  dynamite 
for  fruit  culture.  Tliey  improve  materially  toward  the  south,  and  in  Fresno  coonty 
form  tbe  basis  for  successful  citrus  culture.  Higher  up  in  the  foothills  come  the 
characteristic  red  soils^  the  gold-l)earing  earths,  mostly  derived  from  the  older 
slates  and  sedentary  thereon.  They  are  interspersed  with  patches  of  gray  "  gran- 
ite'' lands,  which  are  very  much  less  productive,  being  derived  from  the  grano- 
diorites,  deficient  in  potash  and  phosphoric  acid. 

The  soils  of  the  Coast  ranges  vary  greatly,  with  their  varying  rock  formations, 
among  which  are  much  clay  and  clay  shale,  forming  correspondingly  heavy  soils; 
but  the  valleys  also  are  filled  with  deep  silcy  or  sandy  deposits.  Southward  the 
Coast  ranges  are  continued  in  the  Sierra  Madre,  which  forms  the  northern  wall  of 
the  valley  of  southern  California. 

This  valley,  now  subdivided  into  the  drainage  basins  of  the  Santa  Ana  and  San 
Gabriel,  was  undoubtedly  originally  a  unit.  This  is  proved  by  a  terrace  of  **  red 
lands,"  which  extends  all  around  from  Redlands  and  Riverside  to  Los  Angelea. 
Its  subdivision  was  effected  in  late  times  by  the  great  debris  cone  of  the  San  Anto- 
nio creek,  which,  abutting  against  the  Puente  hills,  cuts  the  drainage  in  two.  The 
red  soils  are  the  special  ones  for  citrus  culture,  but  the  sandy  and  silty  alluvium  of 
the  two  rivers  also  serves  the  same  purpose. 

NEOCENE  BASINS  OF  THE  KLAMATH  MOUNTAINS 

BY   F.    M.    ANDKR80N* 

[Ah9tra4U'] 

This  pa|)er  is  an  attempt  to  show  some  of  the  more  salient  structural  features  of 
the  Klamath  mountains,  including  not  only  their  basins,  but  also  their  principal 
ranges.  The  three  chief  ranges  of  the  group,  extending  in  a  northeasterly  direction 
from  the  coa^t,  and  the  drainage  Ijasins  intervening  and  otherwise  associated  form 
the  main  subject  of  discussion.  Of  the  two  systems  of  ranges  crossing  each  other 
nearly  at  right  angles,  the  northeast  and  southwest  ranges  are  the  older  and  have 
exerted  a  controlling  influence  over  the  drainage  since  their  beginning.  The  prin- 
cipal rivers  of  the  region — the  Rogue  river,  the  Klamath,  and  the  Trinity — cut 
transversely  across  the  more  nearly  north  and  south  ranges,  showing  them  to  be 
younger  in  age  than  the  lines  of  drainage  followed  by  these  streams,  and  ac<x>rd- 
ingly  younger  in  age  than  the  east  and  west  ranges. 

The  historical  development  of  these  drainage  basins  is  shown  by  the  deposits 
contained  in  them,  and  for  some  of  them  it  antedates  the  later  Cretaceous  epochs 
at  least.  The  earliest  drainage  of  the  basin  of  the  Klamath  lakes  is  shown  to  have 
been  through  the  valley  of  Rogue  river,  and  to  have  been  diverted  from  that  course 
to  its  present  by  some  of  the  later  lava  flows  from  the  Cascades.  Evidence  is  cited 
to  show  that  during  the  Chico  e|x>ch  this  basin  was  not  connected  with  that  of  the 


♦  Presented  by  A.  C.  Lawson. 
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Pitt  river  or  the  Sacramento,  and  it  is  maintained  that  its  individuality  has  been 
kept  almost  unchanged  to  the  present.  As  one  of  the  larger  streams  of  the  region, 
therefore,  the  Klamath  is  younger  in  age  than  either  the  Trinity  or  the  Rogue  river. 

AOB  OF  CBRTAIN  ORANITBS  IN  THE  KLAMATH  MOUNTAINS 

BY  OSCAR  H.    HERSHKY^ 

I  Abstract] 

Small  batholitea  and  dikes  of  granite,  quartz-mica-diorite,  and  intermediate  types 
are  shown  to  occur  at  various  places  in  tlie  Klamath  region,  but  in  areas  quite  sub- 
ordinate in  extent  to  those  of  the  metamorphic  rocks  into  which  they  have  been 
intruded.  The  same  contains  extensive  areas  of  serpentine,  and  instances  are  given 
of  the  granitic  rocks  having  been  intruded  into  the  serpentine  to  prove  that  the 
granites  are  newer,  in  accordance  with  the  determined  relations  of  these  rock-types 
in  the  Sierra  Nevada  region,  and  the  reverse  of  the  supposed  relation  between  the 
granite  and  the  serpentine  of  the  Coast  ranges. 

The  black  slates  of  the  Klamath  region  are  divided  into  two  distinct  series, 
referred  to  as  the  Lower  slates  and  the  Upper  slates.  The  former  are  considered 
Devono-Carboniferoiis  in  age,  l)eing  in  part  equivalent  to  the  Calaveras  formation. 
The  latter  are  correlated,  on  the  evidence  of  their  lithology  and  of  their  structural 
relations  to  the  Lower  slates  and  to  a  certain  extrusive  greenstone  formation  siinilar 
to  the  diabase  and  porpliyritic  formation  of  the  Sierra  Nevada  region,  with  the 
Mariposa  formation  of  late  Jurassic  age.  The  intrusion  of  granite  occurred  later 
than  the  deposition  of  these  Upper  slates  ;  also  it.  is  shown  that  the  granites  are 
much  older  than  the  Chico  formation  resting  on  them,  as  they  had  8uffere<l  much 
erosion  prior  to  the  Chico  epoch. 

It  h  finally  concluded  that  the  weight  of  evidence  places  the  granitic  intrusion 
just  about  at  the  close  of  the  Jurassic  period.  The  effect  of  the  argument  is  to  show 
that  there  is  a  sound  basis  for  the  inference  heretofore  entertained  that  the  Klamath 
mountains  belong  rather  to  the  Sierra  Nevada  system  than  to  the  Coast  ranges  and 
mav  be  considered  a  sort  of  outlier  to  the  former. 

FRLDSPAR'CORVNDUM  ROCK    FROM  PLUMAS  COUNTY,  CALIFORNIA 

BY   ANDREW  C.    LAW80N 

\^  Abstract] 

Mr  Turner,  of  the  United  States  Geological  Survey,  has  called  attention  to  the 
prevalence  of  feldspathic  **albitic"  dikes  cutting  serpentine  in  various  parts  of 
the  Sierra  Nevada.  The  rock  of  which  the  present  paper  treats  apparently  be- 
longs to  this  series  of  dikes.  It  occurs  as  a  white,  coarse  grained  dike  cutting  the 
serpentine  of  the  eastern  flank  of  Spanish  peak,  Plumas  county.  The  ro<'k  is  com- 
posed of  84  per  cent  of  oligoclase  and  16  per  cent  of  corundum  in  crystals  up  to 
over  2  inches  in  length,  and  rather  irregularly  distributed  through  the  feldspathic 
ground  mass. 

The  following  is  an  analysis  of  the  feldspar : 
•    SiO„  61.36;  AlaO,,  22.97;  Na,0,  8.08;  CaO,  5.38;  HjO,  1.72.     Total,  99.51;  Sp. 
gr.,  2.63. 

♦  Presented  by  A.  C.  Lawson. 
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The  occurrence  is  of  special  interest  as  one  of  the  rare  cases  of  a  rock  supersata- 
rated  with  alumina,  and  its  occurrence  as  a  dike  in  a  rock  devoid  of  alumina,  soda, 
and  lime  is  of  especial  interest  as  supporting  a  case  of  extreme  differentiation  of 
rock  mag:ma. 


The  Section  then  adjourned. 


Andrew  C.  Lawson,  Secretary. 
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KAISERLICH-KONIGLICHEN  NATURH18TORI8CHEN 

H0FMUSEUM8,  VIENNA 

1941.  Annalen,  band  xiv,  nr.  1-4,  1899. 

1942.  "  "     XV,  nr.  1,  1900. 

DIE  BIBLIOTHEK  DES  EIDG.  POLYTECHNICUMS,  *  ZURICH 

(o)  ASIA 
GEOLOGICAL  SURVEY  OF  INDIA,  CALCUTTA 

1517.  General  Report  of  the  Work,  April  1,  1899,  to  March  31,  1900. 

1930.  Memoirs,  vol.  xxix,  1900. 

1931.  "  "     XXX,  part  I,  1900. 
1706.        ''           •*     xxviii,  part  2,  1900. 
2001.        **  "     xxxiii,  part  1,  1901. 

IMPERIAL  GEOLOGICAL  SURVEY,  TOKYO 

(d)  AUSTRALASIA 
GEOLOGICAL  DEPARTMENT  OF  SOUTH  AUSTRALIA,  ADELAIDE 

1515.  Record  of  tlie  Mine.s,  Report  on  Gold  Discovery  at  Tarcoola,  etc. 
1957.  Geological  .Map  of  South  Australia,  4  sheets.  1900. 

GEOLOGICAL  SURVEY  OF  QUEENSLAND,  BRISBANE 

CANTERBURY  MUSEUM,  CHRISTCHURCH 

DEPARTMENT  OF  MINES  OF  VICTORIA,  MELBOURNE 

1713.  Annual  Report  of  the  Secretary  for  1899. 
1735.  Monthly  Progress  Reports,  nos.  8-9,  1899. 
1915.         •*  ''  **  *•      10-12,  1900. 

1961.  Report  on  the  Utilization  of  Brown  Coal  on  the  Spot  where  it  is  Mined, 

etc.,  1900. 

1962.  Report  on  the  Queen,  Moliagul,  and  other  Mines,  Moliagul. 

1963.  Report  on  the  Mount  William  Gold  Field. 

1582.  Annual  Progress  Report  for  the  Year  1899.  # 

GEOLOrJICAL   DEPARTMENT  OF  WESTERN  AUSTRALIA,  PERTH 

1909.  Geological  Map  of  the  Country  between  Cue  Peak  Hill  and  Menzies. 

1910.  Geological  Map  of  Menzies,  G.  F. 
1499.  Bulletin,  nos.  4,  5. 

GEOLOGICAL  SURVEY  OF  NEW   SOUTH    WALES,  SYDNEY 

1478.  Mineral  Resources,  no.  7,  1900. 
Records,  vol.  vi,  part  4,  1900. 

LXXII— Bull.  Grol.  Soc.  Am..  Vol.  12,  1900 
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1982.  Memoirs,  Geology,  no.  1,  Vegetable  Creek  Tin  Mining  Field. 

1983.  *'        Paleontology,  no.  4,  Fossil  Fishes  of  the  Hawkesbury  Lime- 
stone, 1890. 

1984.  Memoirs,  Paleontology,  no.  7,  Mesozoic  and  Tertiary  Insecte  of  New 

Soath  Wales,  1890. 


ROYAL  SOCIETY  OF  NEW  SOUTH   WALES, 

1944.  Journal  and  Proceedings,  vol.  xxziii,  1899. 

{€)  AFRICA 
GEOLOGICAL  COMMISSION. 

(/)  HAWAIIAN  ISLANDS 
HAWAIIAN  GOVERNMENT  SURVEY. 


SYDNEY 


CAPE  TOWN 


HONOLULU 


{B)  From  Statb  Gko logical  Surveys  and  Mining  Burkaus 


UNIVERSITY  GEOLOGICAL  SURVEY  OF   KANSAS. 

2011.  Mineral  Resources  of  Kansas,  1899. 

GEOLOGICAL  AND   NATURAL  HISTORY   SURVEY 
OF   MINNESOTA. 

1947.  Final  Rei)ort,  vol.  v,  1900. 

CALIFORNIA  STATE  MINING   BUREAU, 

2012.  Bulletin  no.  18,  Mother  Lode  Region  of  California. 

GEOLOGICAL  SURVEY  OF  NEW  JERSEY, 

1959.  Annual  Report  of  the  State  Geologist  for  1899. 
19(50.  Report  of  Forests,  with  Maps,  1899. 

GEOLOGICAL  8URVEY  OF  ALABA.MA. 


LAWBENt'E 


MINNEAPOLIS 


SAN  FRANC ISr»» 


TRENTON 


UNIVERSITY 


2013.  Report  on  the  Warrior  Coal  Basin. 

2014.  Bulletin  no.  6,  Preliminary  Report  on  the  Clays  of  Alabama. 


(C)  From  Scientific  Societies  and  Institutions 

GE0L0GI8CHEN   KOMMISSION  DER  8CHWEIZ.-NATUR- 
F( )  KSC  H  EN  DEN  G  ESELLSCH  AFT, 


BERNE 


1921.  Beitriige  zum  Geologischen  Karte  der  Schweiz,  neue  Folge,  lief,  ix,  1900. 
l\m.  vSame,  lief,  x,  1900. 

SCHLF^^ISCHE  GESELLSCHAFT  FUR  VATERLANDISCHE 

CULTUR,  BRESLAC 

2015.  Siebenundsiebzigster  Jahres-bericht,  1899. 

1602.  Litteratur  der  Landes-und  Volkskunde  der  Provinz  Schlesien,  heft  7, 
1900. 


SOCIEDAD  CIENTIFICA    "ANTONIO  ALZATE," 

1752.  Memorias  y  Revista,  tomo  xiv,  Niims.  5-12,  1899-1900. 
1986.  **  **  **      XV,  NiSms.  1-6,  1900-1901. 
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NATURF0RSCHER-VEREIN8  ZU  RIGA.  RIGA 

2016.  Korrespondenzblatt  xliii,  1900. 

2017.  Arbeiten  heft  x,  Die  Baltischen  Wirbel there,  G.  Schweder. 

TOKYO  GEOGRAPHICAL  SOCIETY,  TOKYO 

2018.  Joarnal  of  Geography,  vol.  xii,  nos.  134-138,  February- June,  1900. 

(D)  FitoM  Fellows  of  the  Geological  Society  op  America  (Personal 

Publications) 

HENRY  M.  AMI 

2019.  Biographical  Sketch  of  Sir  William  Dawson. 

PERSIFOR    FRAZER 

2020.  The  Life  and  Letters  of  Edward  Drinker  Cope. 

ULYSSES  SHERMAN   GRANT 

2021.  Preliminary  Report  on  the  Ck)pper-bearing  Rocks  of  Douglas  County, 

Wisconsin. 

C.  L.  HERRICK 

2028.  The  Geology  of  the  San  Pedro  and  the  Albuquerque  Districts,  New 

Mexico. 

C.  H.  HITCHCOCK 

2022.  Volcanic  Phenomena  on  Hawaii. 
2023-  2024.  Two  separate  papers. 

GEORGE  P.  MERRILL 

2025.  Guide  to  the  Study  of  the  Collections  in  the  Section  of  Applied  Geology  ; 

the  Non-metallic  Minerals,  U.  S.  National  Museum. 

EZEQUIEL  ORDOSEZ 

2026.  Les  Volcans  du  Valle  de  Santiago. 

2027.  Un  Voyage  a  la  "  Sierra  Madre  del  Suf." 

CHARLES  D.  WALCOTT 

2029.  The  Work  of  the  United  States  Geological  Survey  in  Relation  to  the 

•  Mineral  Resources  of  the  United  States. 

HENRY  8.  WASHINGTON 

■ 

2030.  A  Chemical  Study  of  the  Glaucophane  Schists. 

2031.  The  Comix)sition  of  Kulaite. 

2032.  The  Statement  of  Rock  Analyses. 

2033.  Igneous  Complex  of  Magnet  Cove,  Arkansas. 

(E)  From  Misckllanbods  Sources 

ARTHUR  CHAMBERLAIN,  EDITOR 

2034.  The  Mineral  Collector,  vol.  vii,  no.  5, 
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CINCINNATI  MUSEUM  ASSOCIATION,  CINCINNATI 

2035.  Nineteenth  Annual  Report,  1899. 

BEVUE  CRITIQUE  DE  PALEOZOOLOGIE  PARig 

2036.  Quatridme  Ann^,  Nam^ro  2,  Avril,  1900. 

C.  O.  HEREUS  (1720) 

2037.  La  Oaverne  de  Ratelstein  en  Styrie. 

OROBQES  CARRt  ET  C.  NAUD,  EDITEUR8 

2038..La  8p^l^log:ie,  par  E.  A.  Martel. 

O.  RAMOND 

2039.  £tade8  Gr^logiqaee  dans  Paris  et  sa  Banlieae. 

2040.  Observations  G^logiques,  etc 

2041.  £tude  G^logique  de  1' Aquedac  du  Loinj;  et  du  Luuain. 

2042.  La  Qeograpbie  Pliysiqae  et  la  Gdologie  a  P  Exposition  Univeraelle  de 

1900. 


OFFICERS   AND   FELLOWS   OF  THE  GEOLOGICAL  SOCIETY 

OF  AMERICA 

OFFICERS  FOR  1901 

President 
C.  D.  Walcxxtt,  Washington,  D.  C. 

Vice-Presidents 
N.  H.  WiNCHELL,  Minneapolis,  Minn. 
S.  F.  Emmons,  Washington,  D.  C. 

'  Secretary 
H.  L.  Fairchild,  Rochester,  N.  Y. 

Treasurer 
I.  C.  White,  Morgantown,  W.  Va. 

Editor 
J.  Stanley-Brown,  Washington,  D.  C. 

Librarian 
H.  P.  CusHiNG,  Cleveland,  Ohio. 

Councillors 
(Term  expires  1901) 
W.  M.  Davis,  Cambridge,  Mass. 
J.  A.  Holmes,  Chapel  Hill,  N.  C. 

(Term  expires  1902) 
W.  B.  Clark,  Baltimore,  Md. 
A.  C,  Lawson,  Berkeley,  Cal. 

(Term  expires  1903) 
Samuel  Calvin,  Iowa  City,  Iowa. 
A.  P.  Coleman,  Toronto,  Canada. 

(613) 
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*  Indicates  Original  Fellow  (see  article  III  of  Gonstitation) 

Ci.BVWLAND  Abbe,  Jr.,  Ph.  D.,  2017  I  St.  N.  W.,  Washingfton,  D.  C.     Augoat,  1899. 

Frank  Dawhon  Adams,  Ph.  D..  Montreal  Canada;  Professor  of  Geology  in  McGiU 
University.     December,  1889. 

Jose  GuAi>ALrPR  Aguilkra,  Esquela  N.  de  Ingeneiros,  City  of  Mexico,  Mexico ; 
Director  del  Instituto  Geologico  de  Mexico.     August,  IC^. 

Trchan  H.  Aldricii,  M.  £.,  Birmingham,  Ala.     May,  1889. 

Henry  M.  Ami,  A.M.,  Geological  Survey  Office,  Ottawa,  Canada;  Assistant  Paleon- 
tologist on  Geological  and  Natural  History  Survey  of  Canada.     December,  1889. 

Philip  Argall,  821  Equitable  Building,  Denver,  Colo. ;  Mining  Eng.    August,  1896. 

George  Hall  Ashley,  M.  E.,  Ph.  D.,  Charleston,  S.  C. ;  Professor  of  Natural  His- 
tory, College  of  Charleston.     August,  1895. 

Harry  Foster  Bain,  M.  S.,  Idaho  Springs,  Colo.     December,  1895. 

RuFUs  Mather  Bago,  Ph.  D.,  Colorado  College,  Colorado  Springs,  Colo.    Decem- 
ber, 1896. 

S.  Prentiss  Baldwin,  Williamson  Building,  Cleveland,  Ohio.     August,  1895. 

Erwin  Hinckley  Barbour,  Ph.  D.,  Lincoln,  Neb. ;  Professor  of  Geology,  Univer- 
sity of  Nebraska,  and  Acting  ^^tate  Geologist.     December,  1896. 

George  H.  Barton,  B.  8.,  Boston,  Mass. ;  Instructor  in  Geology  in  Massachusetts 
Institute  of  Technology.     August,  1890. 

Florence  Ba8cx>m,  Ph.  D.,  Bryn  Mawr,  Pa. ;  Instructor  in  Geology,  Petrography, 
and  Mineralogy  in  Bryn  Slawr  College.     August,  1894. 

William  S.  Bayley,  Ph.  D.,  Waterville,  Maine;  Professor  of  Geology  in  Colby 
University.     December,  1888. 

*  George  F.  Becker,  Ph.  1).,  Washington,  D.  C. ;  U.  S.  Geological  Survey. 

Charles  E.  Bkeciier,  Ph.  D.,  Yale  Univei-sity,  New  Haven,  Conn.     May,  1889. 

Robkkt  Bell,  C.  E.,  M.  D.,  LL.  I).,  Ottawa,  Canada;  Assistant  Director  of  the 
Geological  and  Natural  History  Survey  of  Canada.     May,  1889. 

Charles  P.  Berkey,  Ph.  D.,  Minneapolis,  Minn.  ;  Instructor  in  Mineralogy,  Uni- 
versity of  Minnesota.     August,  1001. 

Samuel  Walker  Bkyer,  Ph.  D.,  Ames,  Iowa;  Assistant  Professor  in  Geology,  Iowa 
Agricultural  Collej^e.     December,  1896. 

Alberts.  Bickmoke,  Ph.  D.,  American  Museum  of  Natural  History,  New  York; 
Professor  in  charge  Department  of  Public  Instruction.     December,  1889. 

Irving  P.  Bishop,  100  Norwootl  Ave.,  Buffalo,  N.  Y.  ;  Professorof  Natural  Science, 
State  Normal  and  Training  School.     December,  1899. 

Emilio  Bosk,  Ph.  D.,  Calle  del  Paseo  Nuevo,  no.  2,  Mexico,  D.  F. ;  Geologist  of  the 
Instituto  Geolo^ico  de  Mexico.     December,  1899. 

*JoH.v  C.  Brannkr,  Ph.   D.,  Stanford  University,  Cal. ;  Professor  of  Geology  in 
Leland  Stanford  Jr.  University. 

Albert  Pkkicy  Bki«iiam,  A.  B.,  A.  M.,  Hamilton,  N.  Y. ;  Professor  of  Geology  and 
Natural  History,  Colgate  University.     December,  1893. 

*Garlani)C.  Broadhead,  Columbia,  Mo.;  Professor  of  Geology  in  the  University 
of  Missouri. 

Alfred  Him-sb  Brooks,  B.  S.,  Washington,  D.  C, ;  Assistant  Geologist,  XJ.  S.  Geo- 
logical Survey.     August,  1899. 

*Sami'el  (yAi.viN,  Iowa  City,  Iowa;  Professor  of  Geology  and  Zoology  in  the  State 
University  of  Iowa ;  State  Geologist. 
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Henry  Donald  Campbkm.,   Ph.  D.,  Lexinj?ton,   Va. ;  Professor  of  Geolop^y  and 

Biology  in  Wjisliiiitfton  and  Lee  Univereity.     May,  1889. 
Marius  R.  Campbell,  U.  S,  Geological  Survey,  Washington,  D.  C.     August,  1892. 

Franklin  R.  Carprntkr,  Ph.  D.,  1420  Josephine  St.,  Denver,  Colo. ;  Mining  Engi- 
neer.    May,  1889. 

*T.  C.  Chambkrlin,  LL.  D.,  Chicago,  111. ;  Head  Professor  of  Geology,  University 
of  Chicago. 

Clarkncb  Raymond  Claguorn,  B.  vS.  M.  E.,  Vintondale,  Pa.     August,  1891. 

♦WiLiJAM  BrLLOCK  Clark,  Ph.  D.,  Baltimore,  Md. ;  Professor  of  Geology  in  Johns 
Hopkins  University  ;  state  Geologist. 

John  Mason  Clarke,  A.  M.,  Alhany,  X.  Y. ;  State  Paleontologist.     Decern  her,  1897. 

J.   Morgan  Clements,   Ph.  D.,  Madison,  Wis. ;  Assistant  Professor  of  Geology  in 
University  of  Wisconsin.     December,  1894. 

Collier  Cobb,  A.  B.,  A.  M.,  Chapel  Hill,  N.  C. ;  Professor  of  Geology  in  University 
of  North  Carolina.     December,  1894. 

Arthur  P.  Coleman,  Ph.  D.,  Toronto,  Canada;   Professor  of  Geology,  Toronto 
University,  and  Geologist  of  Bureau  of  Mines  of  Ontario.     December,  1896. 

George  L.  Collie,  Ph.  D.,  Beloit,  Wis. ;  Professor  of  Geology  in  Beloit  College. 
December,  1897. 

*  Theodore  B.  Comstock,  Los  Angeles,  Cal. ;  Mining  Engineer. 

*  Francis  W.  Cragin,  Ph.  D.,  Colorado  Springs,  Colo.;  Profe.s-sor  of  Geology  in 

Colorado  College. 

*  Albert  R.  Crandall,  A.  M.,  Alfred,  N.  Y. 

Au\  Robinson  Crook,  Ph.  D.,  Evanston,  111. ;  Professor  of  Mineralogy  and  Petrog- 
raphy in  Northwestern  Univeraity.     December,  1898. 

•William  O.  Crosby,  B.  S.,  Boston  Society  of  Natural   History,  Boston,  Masig. ; 
Asst.  Prof,  of  Mineralogy  and  Lithology  in  Massachusetts  Inst,  of  Technology. 

Whitman  Cross,  Ph.  D.,  U.  S.  Geological  Survey,  Washington,  D.  C.     May,  1889. 

Garry  E.  Culver,  A.  M.,  1104  Wisconsin  St.,  Stevens  Point,  Wis.     December,  189 L 

Edgar  R.  Cumings,  A.  B.,  Bloomington,  Ind. ;  Instructor  in  Geology,  Indiana 
University.     August,  IViOl. 

*  Henry  P.  Cdshinq,  M.  S.,  Adelbert  College,  Cleveland,  Ohio;  Professor  of  Geol- 

ogy, Western  Reserve  University. 

♦Nelson  H.  Darton,  United  States  Geological  Survey,  Washington,  D.  C. 

♦William  M.  Davis,  Cambridge,  Mass.;  Sturgis- Hooper  Professor  of  Geology  in 
Harvard  University. 

David  T.  Day,  Ph.  D.,  U.  S.  Geol.  Survey,  Washington,  D.  C.     August,  1891. 

Orville  a.  Derby,  M.  S.,  Sao  Paulo,  Brazil;  Director  of  the  Geographical  and 
Geological  Survey  of  the  Province  of  Sao  Paulo,  Brazil.     December,  1890. 

♦Joseph  S.  Dillbr,  B.  S.,  United  States  Geological  Survey,  Washington,  D.  C. 

Edward  V.  d'Invillirrs,  E.  M.,  711  Walnut  St.,  Philadelphia,  Pa.     Dec,  1888. 

Richard  E.   Dodge,  A.  M.,  Teachers'  College,  West  r20th  St.,  New  York  city  ; 
Professor  of  Geography  in  the  Teachers'  College.     August,  1897. 

Noah  Fields  Drake,  Ph.  D.,  Tientsin,  China;  Professor  of  Geology  in  Imperial 
Tientsin  University.     December,  1898. 

Charles  R.  Dryer,  M.  A.,  M.   I).,  Terre  Haute,  Ind. ;  Professor  of  Geography, 
Indiana  State  Normal  School.     August,  1897. 

*  Edwin  T.  Dumblb,  Austin,  Texas ;  State  Geologist. 

^jiiAWBHUJi  E.  Duiiu.^,  Majop  U.  ^J.  A.,  Ordnanoo  IJopaittiMont}  Waahiiigtuii,  1).  C. 

♦William  B.  Dwight,  Ph.  B.,  Poughkeepsie,  N.  Y. ;  Professor  of  Natural  History 
in  Vassar  College. 
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Arthur  S.  Eaklr,  P1\.  D.,  Berkeley,  Cal. ;  Instructor  in  Mineralogy,  University 
of  California.     r)eceml>er,  1899. 

Oharlks  U.  Eastman,  A.  M.,  Ph.  I).,  Cambri^ljfe,  Maes. ;  In  charge  of  Vertebrate 
Paleontology,  Museum  of  C-oinparative  Zoology,  Harvard  University.  De- 
cember, 1895. 

*Georgb  H.  Eldridgk,  A.  B.,  United  Slates  Geologiail  Survey,  Washington,  D.  C. 

Arthur  H.  Elftman,  Ph.  D..  706  Globe  Building,  Minneapolis,  Minn.     Dec.,  189S. 

RoBKR'r  W.  Eli£,  LL.  D..  (leological  Survey  Office,  Ottawa,  Canada;  Geologist  on 
Geological  and  Natural  History  Survey  of  Canada.     December,  1888. 

*Bkkjamin  K.  BtfBKMON,  Ph.  I).,  Amiierst,  Mass.;  Professor  in  Amherst  College. 

*8amukl  F.  Emmons,  A.  M  ,  E.  M.,  U.  S.  Geological  Survey,  Washington,  D.  C. 

JpHN  Eybrman;  F.  Z.  S.,  Oak  hurst,  Easton,  Pa.     August,  1891. 

,  Harold  W.  Fairbanks,  B.  S.,'  Berkeley,  Cal.;  Geologist  State  Mining  Bureau. 
August,  1892. 

*  Herman  L.  Fairchild,  B.  S.,  Rochester,  N.  Y. ;  Professor  of  Geology  in  Univer- 

sity of  Rochester. 
J.  C.  Falbs,  Danville,  Kentucky;  Professor  in  Centre  College.     December,  1888. 

Oliver  C.  Farrisgton,  Ph.  D.,  Chicago,  III. ;  In  charge  of  Department  of  Geology. 
Field  Columbian  Museum.     December,  1895. 

August  F.  Fobrstb,  Ph.  D.,  417  Grand  Ave.,  Dayton,  Ohio;  Teacher  of  Sciences. 

December,  1899. 
William  M.  Fontaine,  A.  M.,  University  of  Virginia,  Va. ;  Professor  of  Natural 

History  and  Geology  in  University  of  Virginia.     December,  1888. 

♦Persifor  Frazer,  D.  Sc,  1042  Drexel  Building,  Philadelphia,  Pa.;  Professor  of 
Chemistry  in  Franklin  Institute. 

*  HoMBR  T.  Fuller,  Ph.  D.,  Springfield,  Mo. ;  President  of  Drury  College. 

Myron  Lbslib  Fuller,  S.  B.,  U.  S.  Geological  Survey,  Washington,  D.  C.  De- 
cember, 1898. 

Henry  Stewart  Gane,  Ph.  D.,  IIG  Market  St.,  Chicago,  III.     December,  1896. 

Henry  Gannett,  S.  B.,  A.  Met.  B.,  U.  S.  Geological  Survey,  Washington,  D.  C. 
Dei^ember,  1891. 

♦Grove  K.  Gilbert,  A.  M.,  LL.  D.,  U.  S.  Geological  Survey,  Washington, D.  C. 

Adam  Capen  Gill,  Ph.  D.,  Ithaca,  N.  Y. ;  Assistant  Professor  of  Mineralogy  and 
Petrography  in  Cornell  University.     December,  1888. 

L.  C.  Glenn,  Ph.  D  ,  Nashville,  Tenu.;  Professor  of  Geology  in  Vanderbilt  Uni- 
versity.   June,  1900. 

Charles  H.  Gordon,  Ph.  D.,  Lincoln,  Neb.;  Superintendent  of  Schools.  Auga8t,1893. 

Amadkus  William  Grabau,  S.  B.,  Columbia  University,  New  York  city;  Lec- 
turer on  Paleontology.     December,  1898. 

Ulysses  Sherman  Grant,  Ph.  D.,  Evanston,  111.;  Professor  of  Geology,  North- 
western University.     December.  1890. 

Hkrbkrt  E.  Gregory,  Ph.  D.,  New  Haven,  Conn.;  Assistant  Professor  of  Physi- 
ography, Yale  University.     August,  1901. 

William  Stukeley  Gresley,  123  Green  Hill,  Derby,  England ;  Mining  Engineer. 
December,  1893. 

George  P.  Grimslev,  Ph.  D.,  Topeka,  Kans. ;  Professor  of  Geology  in  Washbam 
College.     August,  1895. 

Leon  S.  Grlswold,  A.  B.,  238  Boston  St.,  Dorchester,  Mass.     August,  1892. 

Frkderic  p.  Gulliver,  Ph.  D.,  St.  Mark^s  School,  Southboro,  Mass.    August,  1895. 

Arnold  Hague,  Ph.  B.,  U.  S.  Geological  Survey.  Washington,  D.  C.     May,  18*^9- 

♦Christopher  W.  Hall,  A.  M.,  803  Univereity  Ave.,  Minneapolis,  Minn. ;  Pro- 
fessor of  Geology  and  Mineralogy  in  University  of  Minnesota. 
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John  B.  Hastings,  M.  E.,  20  Broad  St,  New  York  city.    May,  1889. 
John  B.  Hatchar,  Ph.  B.,  Carnegie  Museum,  Pittsburg,  Pa.    August,  1895. 

*  Erasmus  Haworth,  Ph.  D.,  Lawrence,  Kans. ;  Professor  of  Geology,  University 

of  Kansas. 

C.  Wiu.AKD  Hayjb,  Ph.  D.,  U.  S.  Geological  Survey,  Washington,  D.  C.  May,  1889. 

*  Angrlo  Hbilprin,  Academy  of  Natural  Sciences,  Philadelphia,  Pa. ;  Professor  of 

Paleontology  in  the  Academy  of  Natural  Sciences. 

*EuGBNB  W.  Hilgard,  Ph.  D.,LL.  D.,  Berkeley,  CaL  ;  Professor  of  Agriculture  in 
University  of  California. 

Frank  A.  Hill,  Roanoke,  Va.    May,  1889. 

*  Robert  T.  Hill,  B.  8.,  U.  8.  Geological  Survey,  Washington,  D.  C. 
Richard  C.  Hills,  Mining  Engineer,  Denver,  Colo.    August,  1894. 

*  Charles  H.  HrrcncocK,  Ph.  D.,  LL.  D.,  Hanover,  N.  H. ;  Professor  of  Geology 

in  Dartmouth  College. 

William  Herbert  Hobbs,  Ph.  D.,  Madison,  Wis. ;  Professor  of  Mineralogy  in 
the  University  of  Wisconsin.    August,  1891. 

*Levi  Holbrook,  a.  M.,  P.  O.  Box  536,  New  York  city. 

Arthur  Hollick,  Ph.  B.,  N.  Y.  Botanical  Garden,  Bronx  Park,  New  York;  In- 
structor in  Geology,  Columbia  University,    August,  1893. 

♦Joseph  A.  Holmes,  Chapel  Hill,  N.  C. ;  State  Geologist  and  Professor  of  Geology 
in  University  of  North  Carolina. 

Thomas  C.  Hopkins,  Ph.  D.,  Syracuse,  N.  Y. ;  Instructor  in  Geology,  Syracuse 
University.    December,  1894. 

♦Edmund  Otis  Hovey,  Ph.  D.,  American  Museum  of  Natural  History,  New  York 
city ;  Assistant  Curator  of  Geology. 

♦Horace  C.  Hovey,  D.  D.,  Newburyport,  Mass. 

♦Edwin  E.  Howell,  A.  M.,  612  Seventeenth  St.  N.  W.,  Washington,  D.  C. 

Lucius  L.  Hubbard,  Ph.  D.,  LL.  D.,  Houghton,  Mich.    December,  1894. 

*  Alpheus  Hyatt,  B.  S.,  Boston  Society  of  Natural  History,  Boston,  Mass. ;  Curator 

of  Boston  Society  of  Natural  History. 

Joseph  P.  Iddinqs,  Ph.  B.,  Professor  of  Petrographic  Geology,  University  of  Chi- 
cago, Chicago,  111.     May,  1889. 

A.  Wendell  Jackson,  Ph.  B.,  407  St.  Nicholas  Ave.,  New  York  city.    Dec.,  1888. 

Robert  T,  Jackson,  S.  D.,  9  Fayerweather  St.,  Cambridge,  Mass. ;  Instructor  in 
Paleontology  in  Harvard  University.    August,  1894. 

Thomas  M.  Jackson,  C.  E.,  S.  D.,  Clarksburg,  W.  Va.    May,  1889. 

Ai^EXis  A.  JuLiEN,  Ph.  D.,  Columbia  College,  New  York  city ;  Instructor  in  Co- 
lumbia College.    May,  1889. 

Arthur  Keith,  A.  M.,  U.  S.  Geological  Purvey,  Washington,  D.  C.    May,  1889. 

♦Jambs  F.  Kemp,  A.  B.,  E  M.,  Columbia  University,  New  York  city;  Professor 
of  Geology. 

Charles  Rollin  Keyes,  Ph.  D.,  944  Fifth  St,  Des  Moines,  Iowa.    August,  1890. 

Wilbur  C.  Knight,  B.  S.,  A.  M.,  Laramie,  Wyo. ;  Professor  of  Mining  and  Geology 
in  the  University  of  Wyoming.     August,  1897. 

Frank  H.  Knowlton,  M.  S.,  Washington,  D.  C;  Assistant  Paleontologist,  U.  S. 
Geological  Survey.     May,  1889., 

Henry  B.  K^mmel,  Ph.  D.,  Trenton,  N.  J. ;  Assistant  State  Geologist.    Decem- 
ber, 1896. 

*  Gborge  F.  Kunz,  care  Tiffany  &  Co.,  15  Union  Square,  New  York  city. 

Georqe  Edgar  Ladd,  Ph.  D.,  Rolla,  Mo. ;  Director  School  of  Mines.     August,  189L 

J.  C.  K.  Laflammb,  M.  a.,  D.  D.,  Quebec,  Canada;  Professor  of  Mineralogy  and 
Greology  in  Univei-sity  Laval,  Quebec.    August,  1890. 
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Alfrbd  C.  Lane,  Ph.  D.,  Lansing,  Mich.;  State  Geologfist  of  Michigan.  Dec., 
1889. 

Daniel  W.  Lanoton,  Ph.  D..  39  East  Tenth  St.,  New  York  city  ;  Mining  Engineer. 
December,  1889. 

Andrew  C.  Lawson,  Ph.  D.,  Berkeley,  Cal. ;  Professor  of  Geology  and  Mineralogy 
in  the  University  of  California.    May,  1889. 

*  J.  Pctkr  Lesley,  LL.  D.,  1008  Clinton  St,  Philadelphia,  Pa. ;  State  Geologist 
Frank  Leverbtt,  B.  8.,  Ann  Arbor,  Mich. ;  Asst  U.  S.  Geol.  Survey.    Aug.,  1890. 
William  Libbey,  Sc.  D.,  Princeton,  N.  J. ;  Professor  of  Physical  Geography  in 

Princeton  University.     August,  1899. 

Waldkmar  Lindorrn,  U.  S.  Geological  Survey,  Washington,  D.  C.  ,  August,  1890- 

Robert  H.  Louohridob,  Ph.  D.,  Berkeley,  Cal. ;  Assistant  Professor  of  Agricultural 
Chemistry  in  University  of  California.     May,  1889. 

Thomas  H.  Macbridb,  Iowa  City,  Iowa ;  Professor  of  Botany  in  the  State  Univer- 
sity of  Iowa.    May,  1889. 

Henry  McCalley,  A.  M.,  C.  E.,  University,  Tuscaloosa  couiity,  Ala. ;  Assistant 
on  Geological  Survey  of  Alabama.     May,  1889. 

Richard  G.  McConnbll,  A.  B.,  Geological  Survey  Office,  Ottawa,  Canada;  Geol- 
ogist on  Geological  and  Natural  History  Survey  of  Canada.     May,  1889.  • 

Jambs  Ribman  Macfarlane,  A.  B.,  100  Diamond  St,  Pittsburg,  Pa.    August,  1891. 

*  W  J  McGrb,  Washington,  D.  C. ;  Bureau  of  North  American  Ethnology. 

William  McInnes,  A.  B.,  Geological  Survey  Office,  Ottawa,  Canada ;  Geologist. 
Geological  and  Natural  History  Survey  of  Canada.     May,  1889. 

Peter  McKellar,  Fort  William,  Ontario,  Canada.    August,  1890. 

Cyrus  F.  .  Marbut,  A.  M.,  State  University,  Columbia,  Mo. ;  Instructor  in  Geolc^y 
and  Assistant  on  Missouri  Geological  Survey.     August,  1897. 

Vernon  F.  Marstbrs,  A.  M.,  Bloomington,  Ind. ;  Professor  of  Geology  in  Indiana 
State  University.    August,  1892. 

Edward  B.  Mathews,  Ph.  D.,  Baltimore,  Md. ;  Instructor  in  Petrography  in  Johns 
Hopkins  University.    August,  1895. 

P.  H.  Mell,  M.  E.,  Ph.  D.,  Auburn,  Ala. ;  Professor  of  Geology  and  Natural  History 
in  the  State  Polytechnic  Institute.     December,  1888. 

John  C.  Mbrriam,  Ph.  D.,  Berkeley,  Cal.;  Instructor  in  Paleontology  in  University 
of  California.    August,  1895. 

•Freoerick  J.  H.  Merrill,  Ph.  D.,  State  Museum,  Albany,  N.  Y. ;  Director  of 
State  Museum  and  State  Geologist. 

George  P.  Merrill,  M.  8.,  U.  S.  National  Museum,  Washington,  D.  C.  ;  Curator 
of  Department  of  Lithology  and  Physical  Geology.'  December,  1888. 

Arthur  M.  Miller,  A.  M..  Lexington,  Ky. ;  Professor  of  Geology,  State  Univer- 
sity of  Kentucky.     December,  1897. 

James  E.  Mills,  B.  S.,  Quincy,  Plumas  Co.,  Cal.     December,  1888. 

Thomas  F.  Mosbs,  M.  D.,  Worcester  Lane,  Waltham,  Mass.     May,  1889. 

*  Frank  L.  Nason,  A.  B.,  West  Haven,  Conn. 

*  Peter  Nepf,  A.  M.,  361  Russell  Ave.,  Cleveland  Ohio. 

Frederick  H.  Newkll,  B.  S.,  U.  S.  Geol.  Survey,  Washington,  D.  C.    May,  1889. 

John  F.  Newsom,  A.  M.,  Stanford  University,  Cal. ;  Associate  Professor  of  Metal- 
lurgy and  Mining.     December,  1899. 

William  H.  Nilks,  Ph  B.,  M.  A.,  Cambridge,  Mass.    August,  1891. 

William  H.  Norton,  M.  A.,  Mt.  Vernon,  Iowa;  Professor  of  Geology  in  Cornell 
College.     December,  1895. 

Charlrs  J.  Norwood,  Mining  Engineer;  St  Bernard  Coal  Co.,  Earlington,  Ky 
August,  1894. 
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EzBQUiBL  Ordonez,  Eeqaela  N.  de  Ingeneiros,  City  of  Mexico,  Mexico ;  Geolog^t 
del  Institnto  Geologico  de  Mexico.    August,  1896. 

*  Amos  O.  Osborn,  Waterville,  Oneida  Co.,  N.  Y. 

Hbnrt  F.  Osborn,  8c.  D.,  Columbia  University,  New  York  city ;  Professor  of  25ool-' 
ogy,  Columbia  University.    August,  1894. 

Charlbs  Palache,  B.  S.,  University  Museum,  Cambridge,  Mass.;  Instructor  in 
Mineralogy,  Harvard  University.    August,  1897. 

♦Horace  B.  Pa-f'ton,  Ph.  D.,  Golden,  Colo. ;  Professor  of  Geology  and  Mineralogy 
in  Colorado  School  of  Mines. 

Fbbdbrick  B.  Peck,  Ph.  D.,  Easton,  Pa.;   Professor  of  Geology  and  Mineralogy, 
Lafayette  College.    August,  1901. 

Samuel  L.  Penfibld,  Ph.  B.,  M.  A.,  New  Haven,  Conn. ;  Professor  of  Mineralogy, 
Sheffield  Scientific  School  of  Yale  University.     December,  1899. 

Richard  A.  F.  Pbnrosb,  Jr.,  Ph.  D.,  1331  Spruce  St.,  Philadelphia,  Pa.    May,  1889. 

Joseph  H.  Perry,  176  Highland  St.,  Worcester,  Mass.     December,  1888. 

*  William  H.  Pbttbe,  A.  M.,  Ann  Arbor,  Mich. ;  Professor  of  Mineralogy,  Eco- 

nomical Geology,  and  Mining  Engineering  in  Michigan  University. 

Louis  y.  PiRssoN,  Ph.  D.,  New  Haven,  Conn. ;  Assistant  Professor  of  Inorganic 
Geology,  Sheffield  Scientific  School.     August,  1894. 

*  Julius  Pohlman,  M.  D.,  University  of  Buffalo,  Buffalo,  N.  Y. 

John  Bonsall  Portxr,  £.  M.,  Ph.  D.,  Montreal,  Canada;  Professor  of^ Mining, 
McGill  University.     December,  1896. 

*  John  W.  Powell,  Bureau  of  Ethnology,  Washington,  D.  C. 

JoBBPH  Hydb  Pratt,  Ph.  D.,  Chapel  Hill,  N.  C. ;  Assistant  Geologist,  North  Caro- 
lina Geological  Survey.    December,  1898. 

*  Charles  S.  Prosser,  M.  S.,  Columbus,  Ohio;  Associate  Professor  of  Historical 

Geology  in  Ohio  State  University. 

*  Raphael  Pumpelly,  U.  S.  Geological  Survey,  Dublin,  N.  H. 

Edmund  C.  Qubreau,  Ph.  D.,  Aurora,  111.    August,  1897. 

Frbderick  Leslie  Ransoms,  Ph.  D.,  Washington,  D.  C. ;  Assistant  Geologist,  U.  S. 
Geological  Survey.    August,  1895. 

Harry  Fielding  Reid,  Ph.  D.,  Johns  Hopkins  Univ.,  Baltimore,  Md.    Dec,  1892. 

William  North  Rick,  Ph.  D.,  LL«D.,  Middletown,  Conn. ;  Professor  of  Geology 
in  Wesleyan  University.     August,  1890. 

Charles  H.  Richardson,  Ph.  D.,  Hanover,  N.  H. ;  Instructor  in  Chemistry  and 
Mineralogy,  Dartmouth  College.     December,  1899. 

Hbinrich  Ries,  Ph.  D.,  Cornell  University,  Ithaca,  N.  Y. ;  Instructor  in  Economic 
Geology.     December,  1893. 

*  Israel  C.  Russell,  LL.  D.,  Ann  Arbor,  Mich. ;  Professor  of  Geology  in  University 

of  Michigan.  / 

*  James  M.  Saffoud,  M.  D.,  LL.  D.,  Dallas,  Texas. 

Obbstbs  H.  St.  John,  Raton,  N.  Mex.     May,  1889. 

•RoLLiN  D.  Salisbury,  A.  M.,  Chicago,  111. ;  Professor  of  General  and  Geographic 
Geology  in  Univereity  of  Chicago.  . 

Frederick  W.  Sardkson,  Ph.  D.,  Instructor  in  Paleontology,  University  of  Min- 
nesota, Minneapolis,  Minn.     December,  1892. 

*  Charles  ScH A effer,  M.  D.,  1309  Arch  St.,  Philadelphia,  Pa. 

Frank  C.  Schrader,  M.  S.,  A.  M.,  U.  S.  Geological  Survey,  Washington,  D,  C. 
August,  1901. 

Charles  Schuchbrt,  Washington,  D.  C. ;  Assistant  Curator  in  Paleontology,  U.  S. 
National  Museum.     August,  1895. 

William  B.  Scott,  Ph.  D.,  56  Bayard  Ave,,  Princeton,  N.  J. ;  Blair  Professor  of 
Geology  in  College  of  New  Jersey.    August,  1892. 
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Hevry  M.  Sbklt,  M.  D.,  Middlebary,  Vt;  ProfiDSBor  of  Geology  in  Middlebary 
College.     May,  1899. 

*  Nathaniel  8.  Shalbr,  LL.  D.,  Cambridge,  Haai. ;  Profenor  of  Creology  in  Har- 

vard University. 

GaoROB  Burba NK  Shattuck,  Ph.  D.,  Baltimore,  Md. ;    Aasociate  Profeflsor  in 
Physiographic  Geology,  Johns  Hopkins  University.     Aagoat,  1899. 

Edward  M.  Shbpard,  A.  M.,  Springfield,  Mo. ;  Professor  of  Geology,  Dniry  Col- 
lege.   August,  1901. 

Will  H.  Shbrzsr,  M.  S.,  Ypsilanti,  Mich.;  Professor  in  State  Normal  Sch.  Dec.,  1890. 

*  Frkdbrick  W.  Simondb,  Ph.  D.,  Austin,  Texas;  Professor  of  Geology  in  Univer- 

sity of  Texas. 

*  EcoESJt  A.  Smfth,  Ph.  D.,  University,  Tuscaloosa  Co.,  Ala. ;  State  Geologist  and 

Professor  of  Chemistry  and  Geology  in  University  of  Alabama. 

Frank  Clrmbb  Smith,  B.  8.,  Dead  wood,  S.  Dak. ;  Mining  Engineer.     Dec.,  189S. 

Gborgb  Otis  Smith,  Ph.  D.,  Washington,  D.  C. ;  Assistant  Geologist,  U.  S.  Geolog- 
ical Survey.    August,  1897. 

♦John  C.  Smock,  Ph.  D.,  Trenton,  N.  J. ;  State  Geologist. 

Charlbs  H.  Smyth,  Jr.,  Ph.  D.,  Clinton.  N.  Y. ;  Professor  of  Geology  in  Hamilton 
College.     August.  1892. 

Hbnry  L.  Smyth,  A.  B.,  Cambridge,  Mass. ;  Professor  of  Mining  and  Metallorjo' 
in  Harvard  University.     August,  1894. 

Arthur  Cob  Spbncer,  B.  S.,  Ph.  D.,  Washington,  D.  C. ;  Assistant  Geologist,  U.  S. 
Geological  Survey.     December,  1896. 

♦J.  W.  Spencer,  Ph.  D.,  152  Bloor  St.  East,  Toronto,  Canada. 

JoeiAH  E.  Spurr,  a.  B.,  A.  M.,  Constantinople,  Turkey.    Dec.,  1894. 

Joseph  Stan  ley- Brown,  1318  Massachusetts  Ave.,  Washington,  D.  C.  August,  18rr2. 

Timothy  William  Stanton,  B.  S.,  U.S.  National  Museum,  Washington,  D.  C. ; 
Assistant  Paleontologist,  U.  S.  Geological  Survey.     August,  1891. 

*  John  J.  Stevenson,  Ph.  D.,  LL.  D.,  New  York  University ;  Professor  of  Geolojfv 

in  the  New  York  University. 

William  J.  ScrroN,  B.  S.,  E.  M.,  Victoria,  B.  C. ;  Geologist  to  E.  and  N.  Railway 
Co.     August,  1901. 

JosKPif  A.  Tafp,  B.  S.,  Washington,  D.  C. ;  Assistant  Geologist,  U.  S.  Geological 
Survey.     August,  1895. 

James  E.  Talmaoe,  Ph.  D.,  Salt  Lake  City,  Utah ;  Professor  of  Geology  in  Univer- 
sity of  Utah.     December,  1897. 

Ralph  S.  Tarr,  Cornell  University,  Ithaca,  N.  Y. ;  Professor  of  Dynamic  Geology 
and  Physical  Geography.    August,  1890. 

Frank  B.  Taylor,  Fort  Wayne,  Ind.    December,  1895. 

William  G.  Tight,  M.  S.,  Albu<^uerque,  N.  M. ;  President  and  Professor  of  Geol- 
ogy, University  of  New  Mexico.  .  August,  1897. 

*Jamk8  E.  Todd,  A.  M.,  Vermilion,  S.  Dak. ;  Professor  of  Geology  and  Mineralogy 
in  University  of  South  Dakota. 

*  Henry  W.  Turner,  B.  S.,  U.  S.  Geological  Survey,  San  Francisco,  Cal. 

JoHKPH  B.  Tyrrbll,  M.  a.,  B.  Sc,  Geological  Survey  Office,  Ottawa,  Canada; 
Geologist  on  the  Canadian  Geological  Survey.     May,  1889. 

JoHAN  A.  Udden,  a.  M.,  Rock  Island,  III, ;  Professor  of  Geology  and  Natural  His- 
tory in  Augustana  College.     August,  1897. 

*  Warrbn  Upiiam,  a.  M.,  Librarian  Minnesota  Historical  Society,  St.  Paul,  Minn. 

*  Charles  R.  Van  Hise,  M.  8.,  Madison,  Wis. ;  Professor  of  Mineralogy  and  Pe- 

trography in  Wisconsin  University ;  Geologist,  U.  8.  Geological  Survey. 

Frank  Robertson  Van  Horn,  Ph.  D.,  Cleveland,  Ohio ;   Instractor  in  Creology 
and  Mineralogy,  Case  School  of  Applied  Science.     December,  1898. 
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Thomas  Wayland  Vaughaw,  B.  S.,  A.  M.,  Washinf^ton,  D.  C. ;  Asaifltant  Geologist, 
U.  S.  Geological  Survey.    August,  1896. 

*  Anthony  W.  Voodbs,  Fort  Wadsworth,  Staten  Island,  N.  Y. ;  Oaptain  Fifth 

Artillery,  U.  S.  Army. 
*Mab8hman  £.  Wadswokth,  Ph.  D.,  State  College,  Pa. ;  Professor  of  Mining  and 
Geology,  Pennsylvania  State  Ck)llege. 

*  Charles  D.  Walootf,  V,  S.  National  Museum,  Washington,  D.  C. ;  Director  U.S. 

Geological  Survey. 

Hbnry  Stsphrns  Washington,  Ph.  D.,  Locust,  Monmouth  Co.,  N.  J.    August, 
1896. 

Thomas  L.  Watson,  Ph.  D.,  Granville,  Ohio;  Professor  of  Geology,  Denison 
University.    June,  1900. 

Walter  H.  Weed,  M.  E.,  U.  8.  Geological  Survey,  Washington,  D.  C.    May,  1889. 

Stuart  Wbller,  B.  8.,  Chicago,  111.     Instructor  in  University  of  Chicago.    June, 
1900. 

Lewis  G.  WteroATE,  Ph.  D.,  Delaware,  Ohio ;  Professor  of  Geology,  Ohio  Wesley  an 
University. 

Thomas  C.  Wibston,  Ottawa,  Canada.    August,  1893. 

David  White,  U.  S.  National  Museum,  Washington,  D.  C. ;  Assistant  Paleontologist, 
U.  8.  Geological  Survey,  Washington,  D.  C.    May,  1889. 

*  Israel  C.  Whfte,  Ph.  D.,  Moi^^antown,  W.  Va. 

*  Robkrt  p.  Whitfield,  Ph.  D.,  American  Museum  of  Natural  History,  78th  St. 

and  Eighth  Ave.,  New  York  city;  Curator  of  Geology  and  Paleontology. 

♦Edward  H.  Williams,  Jr.,  A.  C,  E.  M.,  117  Church  St.,  Bethlehem,  Pa. ;  Pro- 
fessor of  Mining  Engineering  and  Geology  in  Lehigh  University. 

*  Henry  S.  Williams,  Ph.  D.,New  Haven,  Conn  ;  Professor  of  Geology  and  Pale- 

ontology in  Yale  University. 

Bailey  Willis,  U.  S.  Geological  Survey,  Washington,  D.  C.    December,  1889. 

Samuel  Wendell  Williston,  Ph.  D.,  M.  D.,  LAwrence,  Kans. ;  Professor  of  His- 
torical Geology,  University  of  Kansas.    December,  1898. 

Arthur  B.  Willmott,  M.  A.,  Sanlt  Ste.  Marie,  Ontario,  Can.     December,  1899. 

Alexander  N.  Winchrll,  M.  S.,  Bntte,  Mont.;  Professor  of  Geology  and  Min- 
eralogy, Montana  State  School  of  Mines.     August,  1901. 

**  Horace  Vaughn  Winchell,  Butte,  Montana;  Greologist  of  the  Anaconda  Copper 
Mining  Company. 

*  Newton  H.  Winchell,  A.  M.,  Minneapolis,  Minn. ;  State  Geologist;  Professor 

in  University  of  Minnesota. 

''^Arthur  Winsix)w,  B.  S.,  care  of  United  States  and  British  Columbia  Mining 
Company,  104  W.  9th  St.,  Kansas  City,  Mo. 


John  E.  Wolpp,  Ph.  p..  Harvard  University,  Cambridge,  Mass. ;  Professor  of 

[V  in  Harvard  Ui 
eralogical  Museum.    December,  1889. 


Petrography  and  Mineralogy  in  Harvard  University  and  Curator  of  the  Min- 


RoBERT  Simpson  Woodward,  C.  E.,  Columbia  College,  New  York  city;  Professor 
of  Mechanics  in  Columbia  College.     May,  1889. 

Jay  B.  Woodworth,  B.  S.,  24  Langdon  St.,  Cambridge,  Mass. ;  Instructor  in  Har- 
vard University.    December,  1895. 

Albert  A.  Wright,  Ph.  D.,  Oberlin,  Ohio ;  Professor  of  Geology  in  Oberlin  College. 
August,  1893. 

*  G.  Frederick  Wright,  D.  D.,  Oberlin,  Ohio ;  Professor  in  Oberlin  Theological 
Seminary. 

William  S.  Yeates,  A.  B.,  A.  M.,  Atlanta,  Ga. ;  State  Geologist  of  Ga.     Aug.,  1894. 
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FBLL0W8  DBCSA8ED 

*  Indicates  Original  Fellow  (see  article  III  of  Gonstitation) 

*0hablc8  a.  Ashbdrnbr,  M.  S.,  C.  E.    Died  December  24, 1889. 

Auos  Bowman.    Died  Jane  18, 1894. 

»  J.  H.  Chapin,  Ph.  D.    Died  March  14,  1892. 

GaoBOB  H.  Cook,  Ph.  D.,  LL.  D.     Died  September  22, 1889. 

*  Edward  D.  Ck)PB,  Ph.  D.    Died  April  12,  1897. 
Antonio  dbl  Castillo.     Died  October  28,  1895. 

*  Edwabo  W.  Claypolb,  D.  Sc.     Died  August  17,  1901. 

*  Jambb  D.  Dana,  LL.  D.     Died  April  14,  1895. 
Gburob  M.  Dawson,  D.  Sc.     Died  March  2,  1901. 

Sir  J.  William  Dawson,  LL.  I>.     Died  November  19,1899. 
*Albbbt  E.  Footb.    Died  October  10,  1895. 
N.  J.  GiBoux,  C.  E.    Died  November  30,  1896. 
«  Jambs  Hall,  LL.  D.     Died  August  7, 1898. 

*  Robbrt  Hay.    Died  December  14,  1895. 

David  Honbyman,  D.  C.  L.    Died  October  17,  1889. 

Thomas  Stbrry  Hunt,  D.  Sc.,  LL.  D.     Died  February  12,  1892. 

*  JosBPH  F.  Jambs,  M.  S.     Died  March  29,  1897. 
Ralph  D.  Lagob.    Died  February  5,  1901. 

*  Joseph  Lb  Contb,  M.  D.,  LL.  D.     Died  July  6,  1901. 
Olivbr  Marcy,  LL.  D.    Died  March  19,  1899. 

Othnibl  C.  Marsh,  Ph.  D.,  LL.  D.    Died  March  18,  1899. 

*  Hbnry  B.  Nason,  M.  D.,  Ph.  D.,  LL.  D.     Died  January  17,  1895. 

*  John  S.  Nbwbbkry,  M.  D.,  LL.  D.     Died  December  7,  1892. 
*Edwabd  Orton,  Ph.  D.,  LL.  D.     Died  October  16,  1899. 

*  Richard  Owbn,  LL.  D.    Died  March  24,  1890. 

*  Franklin  Platt.    Died  July  24,  1900. 
Charles  Wachsmitth.    Died  February  7,  1896. 
Theodore  G.  White,  Ph.  B.,  A.  M.     Died  July  7,  1901. 
♦George  H.  Williams,  Ph.  D.    Died  July  12,  1894. 

*J.  Francis  Williams,  Ph.  D.     Died  November  9,  1891. 
♦Alexander  Winch kll,  LL.  D.    Died  February  19,  1891. 
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